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ENVIRONMENTAL ASSESSMENT OF AN AIRCRAFT CONVERSION,
102nd FIGHTER INTERCEPTOR WING, MASSACHUSETTS

AIR NATIONAL GUARD, OTIS AIR NATIONAL GUARD BASE,
MASSACHUSETTS

SUMMARY

It is proposed that the Massachusetts Air National Guard 102nd Fighter
Interceptor Wing at Otis Air National Guard Base convert from 15 F-106 aircraft to the
preferred option of 18 F-15 aircraft. The only other viable alternative is conversion to
F-16 aircraft. The primary impacts of the proposal would be positive. Some facility
construction and modification projects and increased land easement requirements would
be associated with the conversion. Noise modeling indicates that the conversion from F-
106 to either replacement aircraft would reduce noise impacts in the vicinity of the air
base. After the proposed F-15 conversion, emissions of carbon monoxide, hydrocarbons,
and total suspended particulates would be reduced, while emissions of nitrogen oxides and
sulfur dioxide would increase. The increase in nitrogen oxides and sulfur dioxide
emissions would lead to very small incremental increases in ambient concentrations, with
total concentrations maintaining National Ambient Air Quality Standards. The emissions
by aircraft of all air pollutants of concern would remain the same or be reduced if the
conversion was to the alternative F-16 aircraft. Although some minor impacts would
occur during facility construction and modification activities, it is predicted that no
major adverse impacts or cumulative effects would result from the proposed aircraft
conversion. This assessment incorporates information contained in the Army master plan
for Camp Edwards, Massachusetts Military Reservation.

I INTRODUCTION

1.1 SCOPE AND PURPOSE OF THE PROPOSED ACTION

The U.S. Air Force (USAF) continues to modernize Air National Guard (ANG)
units by replacing existing aircraft with newer models; this is referred to as aircraft
conversion. This document provides an environmental assessment of a proposed aircra t
conversion for the 102nd Fighter Interceptor Wing (FIW) of the Massachusetts ANG at
Otis Air National Guard Base (Otis ANGB) on Cape Cod, Massachusetts.

The strategic air defense mission is considered vital to the national defense and
must be continued. This priority has been established at all decision-making levels of the
U.S. Department of Defens (DOD). It has been specifically accepted by the National
Command Authority through inclusion in annual Presidential budget submissions and has
been confirmed by the Congress.

In accordance with the administration's Total Force Policy, it is a national
defense objective to increase the Reserve Forces' responsibility for maintaining the
nation's air combat capability. As part of a general upgrading of ANG combat capability
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and modernization of the ANG aircraft inventory, the strategic air defense mission is 3
being enhanced. The 102nd FIW is charged with maintaining combat readiness and
sufficient mobility to be deployed in the event of a federal activation. The proposed
action addressed ir this document is replacement of the 15 F-106 aircraft currently
assigned to the 102nd FIW with one of two alternatives, either 18 F-15 or 18 F-16
aircraft. It is expected that three of the newly assigned aircraft would be deployed to
Loring AFB, Maine, to support an alert detachment. Since the deployment requirement
is subject to change, this EA addresses the worst-case scenario, wherein all 18 aircraft
would be stationed at Otis ANGB. Conversion to the F-15 is considered the preferred
alternative because that aircraft has greater air-to-air combat capabilities, increased
range and loiter time in the intercept area, and pulse-doppler radar for long-range
detection and tracking of small, high-speed objects. The specific purpose is to modernize
the equipment of the Massachusetts ANG and to upgrade the potential contribution of 3
the 102nd FIW to the national defense posture.

1.2 SUMMARY OF ENVIRONMENTAL-STUDY REQUIREMENTS 1
Under the National Environmental Policy Act of 1969 (NEPA), federal agencies

are required to take into consideration the environmental consequences of proposed
actions in the decision-making process. The intent of NEPA is to protect, restore, or
enhance the environment through well-informed federal decisions. The Council on
Environmental Quality (CEQ) was established under NEPA to implement and oversee
federal policy in this process. To this end, CEQ has issued Regulations for Implementing
the Procedural Provisions of the National Environmental Policy Act (40 CFR 1500-1508)

(CEQ, 1978). The CEQ regulations specify that an environmental assessment be prepared
that serves to:

"* Briefly provide sufficient evidence and analysis for determining 3
whether to prepare an environmental impact statement or a finding

of no significant impact; 3
"* Aid an agency's compliance with the Act (NEPA) when no

environmental impact statement is necessary; and 3
"* Facilitate preparation of a statement when one is necessary.

To comply with NEPA, the planning process for the proposed aircraft conversion I
will include a study of environmental issues related to the proposed conversion, including
those related to construction of new facilities, modifications of existing buildings, and
the need for additional land easements. The purpose of this document is to analyze the
impacts of the proposed conversion and provide information to determine whether an

environmental impact statement should be prepared.

I
I
I



I 3

1 I 2 THE THREE ALTERNATIVES

3 2.1 CONVERSION ALTERNATIVES

2.1.1 Introduction

The USAF is proposing to convert from the F-106 to the F-15 or the F-16
aircraft at the 102nd FIW, based at Otis ANGB on Cape Cod, Massachusetts. In February
1985, the Air Force announced the proposed conversion of the 102 FIW from 15 F-106
aircraft to 18 F-16 aircraft, with the continued mission of air defense. The F-16 aircraft
were proposed because they were the only modern fighter aircraft available at the
time. Since then, a restructuring of the fighter force has made F-15 aircraft available,
and conversion to this aircraft is now the preferred alternative. The ANG is planning
additional safety easement acquisitions, miscellaneous building alterations, and the
construction of one new facility to support the F-15 aircraft conversion. The
alternatives to the F-15 conversion are to convert to the F-16 or do nothing.

2.1.2 Characteristics of the F-15 Aircraft

The F-15 is an all-weather, extremely maneuverable tactical fighter aircraft
designed and manufactured by McDonnell Douglas Corporation. Powered by two Pratt
and Whitney F-100-PW-100 turbofan engines with an afterburner that generates 25,000 lb
of thrust from each engine, the F-15 has a combat ceiling of 65,000 ft and a ferry range
of 3,450 mi. Maximum takeoff weight is 68,000 lb, and the aircraft normally takes off
without reliance on the afterburner.

2.1.3 Characteristics of the F-16 Aircraft

The F-16 is a compact, multirole fighter aircraft designed and manufactured by
the General Dynamics Corporation. Powered by one Pratt and Whitney F-100-PW-200
turbofan engine with an afterburner that generates 25,000 lb of thrust, the F-16 has a
combat ceiling of greater than 50,000 ft and a ferry range of more than 2,000 mi.
Maximum takeoff weight is 35,400 Ib, and the F-16 can take off without reliance on the
afterburner.

2.1.4 Aircraft Operations

Regardless of the conversion alternative implemented, the 18 replacement
aircraft would fly a total of about two more sorties* per day than the existing 15 F-106
aircraft because more aircraft would be available. The replacement aircraft may

*A sortie is an individual flight; it consists of a departure, an approach, and one or more

closed patterns.

SI II II IIIII II I
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practice low approaches and touch-and-go landings and would usually take off without
using afterburners. Air traffic patterns would be consistent with established local
procedures at the Otis ANGB. Normal operations would be conducted Monday,
Wednesday, and Friday between 8:30 a.m. and 5:00 p.m. On Tuesday and Thursday, flight
operations would be from 8:30 a.m. to 9:30 p.m. During the monthly Unit Training
Assembly weekend, flying operations also would be conducted on Saturday and Sunday
from 8:00 a.m. to 5:00 p.m. In addition, flight operations would occur on one other
Saturday during the month from 8:00 a.m. to 5:00 p.m. The F-106 aircraft currently
assigned to the 102nd FIW fly about 220 sorties per month for an average of 1.6 h each
sortie. This amounts to more than 4,200 hours of flight time annually. The annual flight

time with the change in aircraft would still be under 5,000 h.

Differential accident rates have been experienced among the F-106, F-16, and
F-15 aircraft. The rate for the F-106 for the life of the aircraft has been 9.13 accidents I
per 100,000 flying hours. No F-106 accidents occurred in FY86. The F-15 and the F-16

have experienced accident rates of 3.86 and 7.25 accidents per 100,000 flying hours,
respectively, over the life of the aircraft. The reduced probability of accidents with the U
F-15 and the alternative F-16 over the current F-106, combined with essentially no
change in hours flown annually, would result in a net positive benefit regarding accident

potential associated with the proposed conversion.

2.1.5 Personnel Summary I
Table 2.1 shows that the conversion from F-106 to F-15 at Otis ANGB would

result in a 9.3% increase in full-time employment and a 10.2% increase in part-time
employment. Conversion to F-16 aircraft would cause a 0.3% increase in full-time
employment and an 8% increase in part-time employment. g

TABLE 2.1 Staffing Requirements for the Three Alternatives

Personnel Required Staff Change Percent Change

Category F-106a F-15b F-16 F-15 F-16 F-15 F-16

Full-time 642 702 644 +60 +2 +9.3% +0.3% 1
Part-time 975 1,074 1,057 +99 +82 +10.2% +8.0% 3
aNo-action alternative. 3
bPreferred alternative.

I
I
I
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3 2.1.6 Construction Program

Various construction projects would be required to support conversion to a newer
replacement aircraft at the Otis ANGB. The cost of these projects would be
$9.16 million for the preferred F-15 alternative and $9.34 million for the F-16
alternative.I

F-15 Alternative

U The preferred F-15 conversion program would require the construction of a
munitions maintenance and storage facility and a composite squadron operations
facility. In addition, a number of existing facilities would be altered. These include the
avionics/precision measurement equipment laboratory, aircraft arresting system, and
engine inspection and repair (I&R) shop. The total construction cost for all of these3 improvements is estimated at $9.16 million.

3 F-16 Alternative

In addition to a munitions maintenance and storage facility and a composite
squadron operations facility, the F-16 alternative would include an alternate fuel
facility. The alteration of existing facilities would be the same as for the preferred
alternative. The construction cost for this alternative is estimated to be $9.34 million.I
2.2 NO-ACTION ALTERNATIVE

3 The F-106 was originally designed for an airframe life of 6,000 h flying time.
Although the aircraft have been continually serviced and in some cases their wings
reskinned, the remaining useful life of the aircraft is limited. The F-106 is essentially
30 years old, and replacement parts for maintenance will soon be unavailable. The no-
action alternative would mean that (1) the 15 F-106 aircraft currently assigned to the
102nd FIW at Otis ANGB would remain in place, (2) construction planned specifically for3 the conversion would not take place, (3) the personnel requirements for the base would
remain essentially unchanged, and (4) the limited life of the F-106 aircraft would result
in dissolution of the ANG unit.

2.3 ENVIRONMENTAL CONSEQUENCES

2.3.1 Proposed Conversion

Operations involving any hazardous materials resulting from the conversion at
Otis ANGB would be carried out in accordance with appropriate state and federal3 regulations and are not expected to result in significant adverse effects.

I
I
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Some interference with local traffic could occur on the roads used by 3
construction-related vehicles entering and exiting the base.

Reduced noise during takeoffs by the replacement aircraft would cause
environmental enhancements during the mating and nesting period of the state
threatened and endangered bird species located at the Otis ANGB. Furthermore, the
additional 51-acre restrictive easements associated with the expanded munitions storage 3
.acility and the alert facility would provide habitat for natural vegetation and wildlife.

There would be no additional effect on the groundwater resources in this area of
the Cape because the number of aircraft and personnel would not substantially change
from present levels.

In addition, no environmental disturbances are anticipated in the following 3
areas: herbicides and pesticides, land and soil quality, vegetation and wldlife resources,
socioeconomic factors, coastal zone management issues, and cultural resources.

Conversion to the F-15, the preferred action, would result in a 9.3% increase of
full-time staff and a 10.2% increase of part-time staff associated with support activities
at the base. Implementation of the F-16 alternative would result in 0.3% and 8% I
increases in full-time and part-time staff, respectively. Temporary construction workers
would be needed for the various construction and alteration projects associated with
either conversion alternative.

In terms of air quality, pollutant emissions would remain the same or be
significantly reduced with the conversion from F-106 to F-16 aircraft. For conversion to
the F-15, emissions of CO, HC, and TSP would be reduced, while emissions of NOx and,
to a lesser extent, SO 2 would increase. Despite the increases in NOx and SO 2 ,
concentrations of these air pollutants would remain in compliance with National Air
Quality Standards. A short-term increase in the fugitive dust emissions would occur
during construction activities associated with either conversion alternative.

Noise also would be reduced as a consequence of converting to either the F-16 or m
F-15 aircraft. Conversion to the F-16 aircraft would result in a maximum reduction of
5-10 decibels, as measured on the Ldn (24-h average sould level) scale; the corresponding
decrease for conversion to F-15 aircraft would be 10-12 decibels. This reduction would I
constitute an environmental benefit resulting from the conversion. Evaluation of the
combined impacts of Massachusetts Army National Guard (ARNG) impulsive noise and
noise from other aircraft indicated that:

" The critical isopleths representing ARNG blast (impulsive) noise
impacts and ANG/Coast Guard noise impacts for the F-106 scenario I
would overlap only inside the Massachusetts Military Reservation.
No contour overlap would occur either for the F-16 or F-15

scenarios.

" At sensitive community locations, the additive effect of
simultaneous jet, helicopter, and gunfire noise events would be I
reduced by the conversion to either replacement aircraft. I

I
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3 2.3.2 No-Action Alternative

If the proposed action does not occur, the ANG mission and current operations
would remain unchanged. No new perturbations to the environment on Cape Cod would
result. Conversely, the changes in air quality and noise conditions projected for the F-15
or F-16 conversion would not occur under the no-action alternative. The limited life of3 the F-106 aircraft would ultimately result in the dissolution of the ANG unit.

I
I
I
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1 3 AFFECTED ENVIRONMENT

3.1 PHYSICAL AND DEMOGRAPHIC SETTING

3.1.1 Otis Air National Guard Base and the Massachusetts Military Reservation

The Otis ANGB on Cape Cod (Fig. 3.1) includes about 3,540 acres of land. More
than 1,600 full-time and part-time personnel work at the base. Otis ANGB is part of the
Massachusetts Military Reservation, which comprises more than 20,000 acres, much of it
owned by the Commonwealth of Massachusetts and leased to various federal agencies.
The agencies that independently operate various portions of the reservation include the
Massachusetts ANG, Massachusetts ARNG, U.S. Air Force, U.S. Coast Guard, and the
Veterans Administration. The areas managed by each are shown in Fig. 3.2 and listed inI Table 3. 1.

Camp Edwards, which is used by the Massachusetts ARNG for training activities,
occupies approximately 70% of the reservation. The extent of current and proposed
ARNG training activities is described in the Master Plan for the Camp Edwards Military
Reservation (Massachusetts Army National Guard, 1984). The ANG and Air Force use
approximately 17% of the reservation for the Otis ANGB (Fig. 3.3) and a radar station.
The U.S. Coast Guard uses 7% of the reservation for communications and search and
rescue missions. The remaining 6% of the reservation is used for a Veterans
Administration Cemetery and other governmental activities. Many abandoned buildings
are located within the cantonment area of Camp Edwards and the Otis ANGB as a result
of previous curtailment of military activities.

3.1.2 Adjacent Towns and the Surrounding Region*

The four Upper Cape Cod towns of Bourne, Falmouth, Mashpee, and Sandwich
surround the base. These are 4 of the 15 Cape Cod towns in Barnstable County.

I Barnstable County

Barnstable County has a land area of more than 400 mi 2 and in the 1980 Census
had a permanent population of 147,925 people (U.S. Census Bureau, 1983). Seasonally,
the population swells with summer residents and vacationers. The estimated 1985 county
population was more than 167,000 people, with a summer population totaling almost
495,000. Two highway bridges at Bourne and Sagamore extend across the Cape Cod
Canal to connect the Cape to the rest of the state. Major highway routes on the Cape
include State Route 28 and U.S. Route 6. The county nas many historic and natural

I *Discussions in this section are based principally on Cape Cod Planning and Economic

Development Commission, 1985, undated-a, and undated-e.I
I
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TABLE 3.1. Land Use Management at the Massachusetts Military Reservation 3

Managing Agency Acreage Major Use I

Massachusetts Army 14,705 Training maneuvers & firing range U
National Guard (Camp Edwards)

U.S. Air Force and 3,540 Airfield (Otis ANGB) and radar station
Air National Guard

U.S. Coast Guard 1,407 Communications and air station 3
Veterans Administration 750 Cemetery

Other agencies 513 Miscellaneous activities 3
Total 20,915 I
Source: Adapted from Massachusetts Army National Guard, 1984. I

features of note, including the 27,000-acre Cape Cod National Seashore. Tourism and
recreation are major components of the local economy. 3

Town of Bourne 3
Bourne is located on the western edge of the Cape. The town has a land area of

41 mi 2 , nearly 40% (10,283 acres) of which is part of the Massachusetts Military
Reservation. In 1985 Bourne was estimated to have a permanent population of 14,900 I
and a seasonal population of 35,913.

Town of Falmouth

Falmouth is on the southwestern edge of Cape Cod and has a land area of about
45 mi 2 . The community of Falmouth is the commercial center for the Upper Cape

area. In 1985 the Town of Falmouth was estimated to have a permanent residential
population of 25,823 and a seasonal population of 65,302. Route 28 is the most heavily
traveled road in the town, with portions of the route at or near traffic volume capacity
during the summer months. Route 151 extends east-west through the town and is
adjacent to the Crane Wildlife Management Area. 3

U
I
I
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Town of Mashpee

Mashpee is east of Falmouth along the southern shore of the Cape. The town has
a land area of about 24 mi 2 . In 1985 Mashpee had a permanent population of 5,200 and a
seasonal population of 21,464. Major roads through the town include Routes 28, 130, and
151. Johns Pond Park is located in the western portion of the town adjacent to the Otis
ANGB.

Town of Sandwich

Sandwich, located in the Upper Cape area, has a land area of about 43 mi 2 . In
1985 the town was estimated to have a permanent population of 10,768 and a seasonal
population of 25,581. Major highways include Routes 6, 6A, and 130.

3.1.3 Cape Cod Environment

Cape Cod is a 440-mi 2 peninsula that extends into the Atlantic Ocean (Fig. 3.1).
The Cape is composed of unconsolidated sand and gravel intermixed with some silt, clay,
and till. The soil and sediment composition of this peninsula allows rapid infiltration of
precipitation, and the groundwater forms a lens above impermeable bedrock that occurs
at depths ranging between 80 and 900 ft below sea level. The U.S. Environmental
Protection Agency (U.S. EPA) has designated the groundwater as a sole-source aquifer
that is utilized by more than 100 municipal wells and thousands of private wells. Because

of the highly permeable nature of the unconsolidated deposits in which the groundwater
occurs, this aquifer is highly susceptible to contamination by hazardous wastes.

The nutrient-poor and droughty soils of the Cape support a pine-scrub oak
vegetation community; the natural vegetation that remains on the Cape provides habitat
for a variety of wildlife. In addition, the Cape is an important stopover refuge for
millions of waterfowl during fall and spring migration. However, rapid commercial and
residential development on the Cape threatens to destroy the remaining natural habitat
that is not government owned.

3.2 ENVIRONMENTAL SETTING

S~3.2.1 Air Quality

Otis ANGB is located in the Southeastern Massachusetts Air Quality Control
Region (AQCR 120). The weather fluctuates regularly from fair to cloudy to stormy
conditions, ensuring an adequate amount of precipitation. The Cape is in a zone of
prevailing west to east atmospheric flow. Although winds of 30 mph or higher may be
expected on at least one day every month, gales are both more common and more severe
in winter. The ocean has a moderating influence on temperature extremes of winter and
summer.
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Air quality data collected in 1984 for AQCR 120 indicate that the region is 3

classified as in attainment (in compliance with regulations)* with respect to all air
pollutants except ozone (03). During the summer, the influx of automobiles to the Cape

Cod area is the primary cause of the violations of ozone standards that lhave been I
observed. During 1984, the ozone standards were exceeded on four occasions at
Attleboro, four at North Easton, nine at Fairhaven, and one at Newburyport. The

Fairhaven location is the closest air quality sampling station to Otis ANGB that is
operated by the Commonwealth of Massachusetts. For ozone, the maximum reading in
1984 was 0.206 parts per million (ppm), whereas the standard is 0.125 ppm. No sampling

stations have been placed at Otis ANGB; 1however, it is expected that air quality is better I
there than at the city locations where the state usually places its sampling stations.

All other pollutants in the Otis area are within state primary and secondary 3
standards. For sulfur dioxide (SO 2 ), the maximum 24-h measured value at Fairhaven was

109 Lg/m 3, compared with the standard of 365 ug/m 3 . The 3-h maximum measured was
164 ug/m 3 , and the secondary standard is 1,300 •g/m 3 . The closest sampling station for
total suspended particulates (TSP) is at New Bedford. The measured maximum 24-h
concentration was 73 ig/m , compared with the secondary standard of 150 -g/m 3 . The
annual average TSP concentration for 1984 was 40 iig/m , compared with the standard of
75 wg/mr3 . For nitrogen dioxide (NO2), the closest measurement station is at Fall River.
The annual average for 1984 was 28 Lg/m , whereas the standard is 100 ,.g/m . There

are no carbon monoxide (CO) monitors in AQCR 120. 1
3.2.2 Noise 3

General 3
On a national basis, noise from jet aircraft operations has been a concern for

many years. The acoustic energy generated by aircraft can be irritating to people in the

general vicinity of airports and air bases. Existing noise sources at Otis ANGB include
training operations with F-106, T-33, one C-12 aircraft, anG transient aircraft not based
at Otis ANGB. Operations of the Massachusetts ARNG at nearby Camp Edwards involve

helicopters and gunfire from small arms, mortar, howitzers, and demolition activities. In 3
addition, Coast Guard activities on the reservation involve the use of fixed-wing aircraft
and helicopters. The following sections address the existing noise impact of jet flights on

the community and the combined impact of the jet and helicopter broadband noise and

the impulsive noise from gunfire.

I
I

*The Commonwealth of Massachusetts air quality standards are identical to the federal

National Ambient Air Quality Standards (NAAQS).

I
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Frequency of Flight Operations TABLE 3.2 Runway Utilization at
Otis ANGB

The following evaluations of
existing noise impacts were based on the
runway utilization pattern presented in
Table 3.2 and the numbers of flight ANG Coast Guard

operations* given in Table 3.3 for the Runway Operations Operations

assigned and transient aircraft using Otis Number M() (%)

ANGB. The assigned fixed-wing aircraft

average 10 sorties per day for the F-106, 32 50 70
1 sortie per day for the T-33, 0.5 sortie per
day for the C-12, 0.5 sortie per day for the 23 30 10
Army U-8, and 5 sorties per day for the
Coast Guard HU-25. n average, there are 05 15 10

three closed patterns per sortie for the 14 5 10
ANG F-106 and T-33 aircraft and two

closed Catterns per sortie for the Coast
Guard HU-25 aircraft. The two types of
ARNG helicopters (UH-IH and OH-6A)

average a combined total of 3 sorties per day; the Coast Guard helicopters (HH-3F)

average 22 sorties per day.U
Noise Environment

* To provide baseline conditions representing existing aircraft operations at Otis

ANGB, noise contours were prepared using the Air Force NOISEMAP methodology. The

resulting noise exposure estimate is expressed in terms of the day-night average soundIlevel (Ldn) noise contours. This methodology takes into account the effect of an aircraft
single event (source noise, altitudes, and airspeed), how many times such events occur

during a 24-h period, and the time of day that they occur. Ldn is the 24-h average sound

I level, in decibels (dB), for the period from midnight to midnight, obtained after addition

of 10 dB to sound levels occurring during the night (from 10:00 p.m. to 7:00 a.m.). The
NOISEMAP methodology uses the following flight data: aircraft type, altitude profiles,

I thrust/power schedules, flight track locations, number of operations per track, runway

utilization schedule, and runup (ground testing) data. Appendix A describes the Ldn
methodology as it relates to NOISEMAP.

3 *A flight operation is a landing or takeoff; e.g., each touch-and-go equals two flight

operations.

I *A sortie is an individual flight; it consists of a departure, an approach, and one or more

closed patterns.

I §A closed pattern is a flight path about the airfield in which the endpoint of the pattern

is the same as the starting point.I
I
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TABLE 3.3 Existing Average Daily Aircraft Operations at Otis ANOB3

Aircraft Closed Total
Type Departures Arrivals Patterns Takeoffs Landings Operations

Fixed-wing (assigned)
F-106 10 10 30 40 40 80
T-33 1 1 3 4 4 8

HU-25 4.85 4.85 10 14.85 14.85 29.7
HU-25 0.05 0.05 0.1 0.15 0.15 0.3
(nighttime)
C-12 0.5 0.5 0 0.5 0.5 1.098
u-8 0.5 0.5 0 0.5 0.5 1.0

Fixed-wing operations subtotal 120.082

Helicopter (assigned)
UH-1H 1.8 1.8 132 9a 0 5 2a 0 5 2a 05 4a,b

OH-6A 1.1 1.1 1 0 2a 1 1.3a 1 1.3a 2 0.342
HH-3F 21.7 21.7 0 21.7 21.7 43.4

HH-3F 0.3 0.3 0 0.3 0.3 0.6
(nighttime)I

Helicopter operations subtotal 98.0

Transient
A-7 0.1754 0.1754 0 0.1754 0.1754 0.3508
A-10 0.0492 0.0492 0 0.0492 0.0492 0.0984
C-7 0.0440 0.0440 0 0.0440 0.0440 0.0880
C-9 0.0412 0.0412 0 0.0412 0.0412 0.0824I
C-12 0.2520 0.2520 0 0.2520 0.2520 0.5040
C-21 0.0960 0.0960 0 0.0960 0.0960 0.1920

C-130 0.1726 0.1726 0 0.1726 0.1726 0.34523
KC-135 0.0248 0.0248 0 0.0248 0.0248 C.0496
F-4 0.1372 0.1372 0 0.1372 0.1372 0.2744
F-14 0.0164 0.0164 0 0.0164 0.0164 0.0328

P-3 1.0620 1.0620 0 1.0620 1.0620 2.1240
T-33 0.0574 0.0574 0 0.0574 0.0574 0.1148
T-37 0.2222 0.2222 0 0.2222 0.2222 0.4444

T-42 0.0796 0.0796 0 0.0796 0.0796 0.1592

Transient operations subtotal 4.8600

Total. Existing Operations (F-106 Scenario) 223

aARNG helicopter flight operations include hovering movements 3 to 5 ft ACL,I

which are included in the individual operations logged.

bApproximately 40% of these ARNG flight operations occur in the Camp Edwards 3
R4101 Training Area.

I
I
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The noise contours as predicted by NOISEMAP for the current level of airfield
activity are shown in Fig. 3.4. These contours define the areas of noise levels around the
airfield for Ldn = 65, 70, 75, 80, and 85. The values on the noise contours can be
interpreted to represent different levels of human reaction and are often used as
guidelines for zoning by communities in the vicinity of airports and air bases.

The Federal Interagency Committee on Urban Noise, which includes the Air
Force and the Department of Housing and Urban Development, considers Ldn levels
below 65 dB compatible with residential land use. Residential use is discouraged for
areas with noise levels between 65-70 dB on the Ldn scale, strongly discouraged for areas
between 70-75 dB Ldn, and unacceptable for areas that exceed 75 dB Ldn.

Inspection of the contours in Fig. 3.4 indicates that most of the area within the
65-dB contour lies within the Massachusetts Military Reservation. Only 32 residences
(housing approximately 79 people) are within this contour outside the military

reservation, all in the vicinity of the Runway 05 centerline near Pimlico Pond. Most of
the noise effects at these residences are caused by F-106 aircraft departing from
Runway 05. No off-site residences are within the contours of 70 dB or higher.I

Noise-Complaint History

3 The Chief of Airfield Management is designated as the investigating officer for
all noise complaints at Otis ANGB. A complaint log is maintained listing the name of the
complainant, the nature of the complaint, and the time and date the complaint is
received. The log also notes the action taken, which can vary from a phone call to a
personal visit and corrective action to prevent a similar problem in the future. The 1985
log lists 20 complaints, and the 1986 log shows 22 noise complaints. There were five
complaints during the period January 1 to April 30, 1987. The most common cause of
complaints is the weekend exercises during the summer. The increase in temporary
residents during the summer is a factor since these individuals may not be accustomed to3 jet noise. The noise complaints are minimal during October through February and
increase during the spring and summer seasons when windows are more likely to be open
and people are outside. The NOISEMAP contours provide an indicator of potential3 community annoyance due solely to aircraft noise.

3 Noise-Abatement Procedures

The F-106 is powered by a turbine engine equipped with an afterburner. The
afterburner is used for relatively short periods to generate additional engine thrust.
Standard military takeoff procedures for the F-106 require the use of the afterburner
from the time the aircraft begins its takeoff roll until it reaches an airspeed of
250 knots, in a specific takeoff-climb configuration. The afterburner usually is
deactivated about 9,000 ft from the departure end of a runway, at an altitude of 300-
500 ft above airport elevation. The first noise-abatement procedure is to deactivate the
F-106 afterburner as soon as practical. The F-106 pilots terminate use of afterburners

(108% power) at 250 knots, accelerate at full military power (101%) to 310 knots, and

I
U
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3 maintain this climb speed at reduced power (95%) for noise abatement reasons through
5,000 ft mean sea level (MSL) prior to accelerating to 400 knots at military power. This
takeoff procedure is used unless otherwise indicated by traffic control. This procedure
gets the aircraft up and out of the airport control area through 5,000 feet considerably
more quickly than does the standard takeoff procedure for the F-106. The standard
pr(,cedure involves the use of military power (after deactivation of the afterburner at
250 knots) to reach a speed of 400 knots. That procedure involves a low rate of climb
and a high power setting, both of which would not be conducive to reducing noise levels
on the ground at Otis.

Several additional measures are used to minimize noise impact of the Otis ANGB
operations. First, upon takeoff, the jets do not turn until they have passed the
Barnstable County Hospital, which is located to the left of the centerline of Runway 32.
Second, left-hand traffic is established for Runway 05 to preclude flyovers of the
John's/Ashumet Pond area. All departing fixed-wing aircraft climb straight ahead to
1,300 ft MSL before turning out of traffic. This is done to preclude turns over base
housing and off-base areas adjacent to the ends of the runways. Third, the F-106 aircraft
maintain a lower airspeed of 250 knots (vs. 325 knots) in the traffic pattern, thus
reducing noise emissions in this phase of flight. Fourth, except during approach and
landing, the F-106 aircraft maintain a minimum 5,000-ft altitude 6 n all flights over the
Cape and islands. Finally, a hush house was installed to eliminate engine maintenance3 runup noise. The building is on the northern side of the main ANG ramp.

3 Combined Impact of ARNG Gunfire and ANG Jet Noise

It is common for residents in the vicinity of the Massachusetts Military
Reservation to hear artillery fire at the same time that jet aircraft or helicopter activity
occurs. The basic noise issue here is whetner the aircraft and gunfire noises are
actually additive in their effects or whether one type of noise masks the other. Two
analyses were conducted to evaluate the potential combined impact. Appendix B
describes the details of the study; only the major results are presented here.

The first method of analysis follows U.S. Army and Department of Defense
policy documents (Department of the Army, 1982; Metcalf, 1977). This technique
involves the addition of k!) ;ay-night levels of noise predicted for ARNG activities (based

on C-weighting, as desc-I'bed in Appendix B) for a typical (annual average) day of
activities, and (2) day-night levels of noise predicted for ANG jet flying activities (based
on A-weighting) for a typical day. Day-night noise levels for ARNG activities were
computed by the Army Environmental Hygiene Agency using the BNOISE Model for the
year 1990. Day-night noise levels for a typical day for ANG activities were computed
using NOISEMAP. The isopleths predicted by the two models were summed in
accordance with the Army policy recommendation (Department of the Army, 1982). The
results indicated that the overlap of the critical isopleths (62 dB (C-weighting] for ARNG
and 65 dB [A-weighting] for ANG/Coast Guard) occurs over a very small area northwest
of the Otis ANGB. The area of overlap is completely within the boundary of the

Massachusetts Military Reservation.

I
I
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The second method of analysis involved evaluation of impacts of peak noise 3

events related to operations of the ARNG and ANG by determining the relative
contributions to the total noise caused by jet aircraft, ARNG and Coast Guard

helicopters, and ARNG gunfire and demolitions. Eleven noise-sensitive areas (each with I
the potential for occasional maximum noise levels due to ARNG activities, ANG
activities, Coast Guard activities, or possibly from activities of all three groups) were
chosen for study. The activity scenarios modeled represented ARNG activities with
ANG/Coast Guard jet activities and ARNG/Coast Guard helicopter activities
superimposed. These activities are described in detail in Appendix B, Secs. B.1 and
B.3.1. The measure of noise level used for comparison was the perceived magnitude
(loudness) of the individual sounds as heard outdoors. Research data are insufficient to
compare the relative annoyances of these sources. The analysis does not include indoor
annoyance because people's reaction to indoor low-frequency noise (produced by
impulsive sources such as Army ordnance) is primarily influenced by induced structural
vibration (Schultz, 1982), especially if sufficient to rattle glassware, pictures, etc. Such
modeling would have to be done individually for each residence and is beyond the scopei
of the current work. As a result, noise modeling is done for individuals assumed to be
outdoors.

The basic conclusion of this study of maximum noise events is that one type of
sound (jets or helicopters) generally dominates or is dominated by the impulsive noise
(demolition or gunfire), depending on the relative location of the noise sources with

respect to the receptor. For example, at Bourne/Route 6W (near Jefferson Road), the
noise of howitzer fire masks the noise of F-106 aircraft operations. On the other hand,
howitzer fire is masked by the noise of F-106 departures from Runway 05 for Sandwich

residences near Pimlico Pond. Noise levels from the ARNG and ANG activities are not
additive in a significant way at any of the 11 community locations. Because of the time-
dependent nature of these noise sources, only loudness values at their maximum impacts
are compared. These comparisons are discussed in greater detail in Appendix B.

3.2.3 Training Airspace I

The 102nd FIW uses a number of low-altitude, high-speed training routes to
perform its training mission with the F-106 aircraft. The Massachusetts ANG uses low-
flying routes in Maine and New Hampshire (VR 841) and in Canada for low-level overland
navigational training at altitudes as low as 300 ft AGL (and up to 3,000 ft AGL) at speeds

varying from 350-600 knots. Low-level flying operations also are conducted over the
Atlantic Ocean, but the aircraft are required to stay at least 1,000 ft above the water.
Such routes are used to provide realistic training in high-speed, low-altitude navigation
techniques designed to intercept low-flying enemy aircraft. After takeoff, the ANG
pilots fly their F-106 aircraft at high altitude enroute to the low-level areas and then
perform low-altitude exercises along the prescribed routes. 3

The 102 FIW performs intercept training in airspaces both over land and over
water. The over-land airspaces are above the states of Maine, New Hampshire, and

Vermont. They are designated as Laser (18,000-50,000 ft MSL), Condor (7,000-18,000 ft I
MSL), Yankee (9,000-18,000 ft MSL), and Scoty (18,000-60,000 ft MSL). The over-water I

I
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airspaces are over the Atlantic Ocean; they are designated as Warning Area 105
(surface - 60,000 ft MSL), Warning Area 102 (Surface - 60,000 ft MSL), and MOT A, B, C,
D (surface - 60,000 ft MSL). Here again, the ANG pilots fly their F-106 aircraft at high
altitude after takeoff from Otis ANGB, then they perform intercept training in the
prescribed areas within the authorized blocks.

I 3.2.4 Hazardous Materials

m General

A number of hazardous wastes are routinely transferred from the Otis ANGB to
the Defense Logistics Agency (DLA). Small volumes of such items as nickel-cadmium
batteries, lead-acid batteries, acids, paints, paint-strippers, hydraulic fluids, and
photographic chemicals are routinely discarded. The largest volume consists of waste
fuels, fuel oils, lubricating oils, and cleaning solvents. About 5,200 gal (390,000 lb) of
such wastes have been generated annually in recent years.

3 Hazardous wastes are handled at Otis ANGB in accordance with the
Commonwealth of Massachusetts regulations 310 CMR 30, U.S. EPA regulations in
40 CFR, and ANG regulations 19-1, 19-11, and AFR 19-14. The wastes are collected at a
designated central collection point on the base -- Bldg. 204. Storage of any waste at this
area awaiting pickup by the DLA is limited to 90 days. The approximate volumes of
these materials and the procedures for handling them would be the same after the

[ aircraft conversion.

3 Asbestos

Asbestos is possibly present in some of the buildings on the military reservation.
The alert facility and Bldg. 165 have been identified as buildings affected by this
proposed conversion that contain asbestos.

3.2.5 Herbicides and Pesticides

Herbicides have been routinely applied by base personnel to control vegetative
growth at the edge of runways. Pesticides have been routinely applied by licensed
contractors to limit destruction and annoyance caused by rodents and insects. These
materials are currently applied by a licensed contractor in accordance with state and
federal regulations.

m 3.2.6 Water Resources

Fresh water found in Pleistocene sand and gravel deposits supplies nearly 100
municipal and thousands of private wells on Cape Cod. All of Cape Cod is designated as
a sole-source aquifer by the U.S. EPA, and recharge to this aquifer is by precipitation,l

U
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treated sewage effluent, and septic effluent. There is no flowing surface water on the 3
Massachusetts Military Reservation. The Camp Edwards portion of the reservation is
located on the highest (60-80 ft) recharge areas and represents an important area of

groundwater recharge to the western half of Cape Cod (Guswa and LeBlanc, 1985).

A water well (J-well) located on Otis ANGB supplies all the water used on the
base. Table 3.4 shows the results of a 1986 survey for substances in the EPA's Hazardous
Substances List, as well as organic and inorganic parameters mandated by the Safe
Drinking Water Act. All values from the samples taken from J-well are below any water
quality limits established by the U.S. EPA or the Commonwealth of Massachusetts.

The Otis ANGB wastewater treatment facility is located on a broad sand and
gravel outwash plain within the Town of Sandwich at the Falmouth town line. The
treatment plant has been in operation since 1936, with the original capacity of 3 million
gal per day (gpd) installed in 1941 to serve up to 70,000 troops who were training at the
base. Currently, an average of 300,000 gpd (with a peak of 500,000 gpd) flows to the
plant (Camp Dresser and McKee, 1985). The discharge permit issued by the
Commonwealth of Massachusetts limits maximum discharge levels to 800,000 gpd.
Primary treatment involves the use of a comminutor with a bar screen, an aerated
grease-removal unit, and Imhoff tanks. Secondary treatment uses trickling filters and
settling tanks. The last stage involves land disposal of the treated wastewater in half-
acre sand beds (8 total out of the original 24), each designed to handle 125,000 gpd of
treated wastes. The beds are about 20 ft above the water table and consist of 1 ft of
sand, 2 ft of sandy loam, and 18 ft of medium sand (as cited in Kerfoot and Ketchum,
1974). The treated sewage percolates through the beds to the groundwater. 3

In 1976, detergents were found in a new municipal well 1.5 mi from the sand
beds, prompting a study of the situation by the U.S. Geological Survey (USGS) and the

Massachusetts Department of Environmental Quality and Engineering (DEQE), Division of I
Water Pollution Control (Camp Dresser and McKee, 1985). The study revealed the
presence of a contaminated plume of groundwater that originated from the Otis

treatment plant and extended at least 11,000 ft south of the treatment facility, with a l
width of 2,500 to 3,500 ft at a depth of 30 to 90 ft (LeBlanc, 1984).

The contaminated plume contains elevated concentrations of boron (100- 3
410 wg/L, compared with 50 wg/L in the uncontaminated water) that probably originates
from detergents and other cleaning agents. Ammonia and nitrate concentrations also
exceed those found in the uncontaminated groundwater. Ammonia changes to nitrate in
the presence of oxygen and bacteria in the groundwater, and as a result, ammonia is
found primarily in the center of the plume where oxygen levels are too low to support

nitrification. Total nitrogen in the plume ranges from 1.5 mg/L along the edge to
24 mg/L in the center (LeBlanc, 1984). Concentrations of detergent exceed 0.5 mg/L of
methylene blue active substances from 3,000-10,000 ft downgradient of the treatment
facility. These concentrations reflect the use of nonbiodegradable detergents at the I
Massachusetts Military Reservation between 1946 and 1964. Except for phosphorous,
which readily binds to the sediment and also forms insoluble phosphorus compounds, the

chemical contaminants in the plume appear to be moving with the groundwater at a rate
of 0.8-2.3 ft per day (LeBlanc, 1984).

I
I
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TABLE 3.4 Water Quality Data from J-Well at Otis ANGBa

U Number of
Times

Range of Exceeding Primary
Concentrations Number Maximum Drinking

above Detection of Times Contaminant Water
Class/Compound Limit (IGg/L) Detectedb Level Standardsc

Volatile organics

I Tetrachloroethylene I - 1.1 5 0 5 wg/Ld

Trichloroethylene 3.8 - 4.0 2 0 5 ,g/Le

Inorganics

Lead 5.2 - 9.9 2 0 0.05 mg/L
Mercury 0.26 1 0 0.002 mg/L

Total trihalomethane

SChloroform 1.0 1 0 0.1 mg/L

aSource: E.C. Jordan, Inc. (1987), except as noted.

bNumber of times out of 17 samples, including samples and duplicates collected

over 12 consecutive weeks between April 9, 1986, and June 24, 1986.

CU.S. Environmental Protection Agency, 1983.

dCurrently no proposed standard, but the standard would most likely be

5 wg/L (E.C. Jordan, Inc., 1987).

3 eU.S. EPA proposed maximum contaminant level.

The Massachusetts DEQE issued a discharge permit in October 1984 that required
the treatment facility to meet chemical discharge levels that would return the
groundwater to drinking water standards (Camp Dresser and McKee, 1985). To comply
with the permit requirements, the ANG initiated a study with a consulting firm (Camp

Dresser and McKee) to evaluate wastewater treatment alternatives. The consultants
developed five treatment alternatives that would meet the requirements of the discharge
permit (Camp Dresser and McKee, 1985). Since each alternative would cost about the
same, it was recommended that selection of an alternative to the current .'eatment
facility be based on potential effects to groundwater quality and use. An environmental
impact statement is being prepared to determine an acceptable alternative to the

present disposal of effluent.

I
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Groundwater contamination is being examined as part of the Installation I
Restoration Program (IRP). The IRP seeks to identify, characterize, and develop
remedial solutions for all sources of groundwater contamination on the Massachusetts

Military Reservation. Forty-two sites on the reservation have been identified as
potential points or areas of contamination. !
3.2.7 Land and Soil Quality

The Massachusetts Military Reservation is located in the Coastal Plain
physiographic province. The bedrock is overlain by unconsolidated sediments primarily
deposited by glacial action. While two hilly areas, defined by the Buzzards Bay Moraine
and the Sandwich Moraine, occur along the western and northern boundaries of Camp I
Edwards, the portion of the reservation occupied by Otis ANGB is re>.ttively flat.

As a result of glacial action, soils on the reservation are primarily sands and
gravels mixed with.silt, clay, and till. Soils on Otis ANGB are either sand mixed with
gravel (Agawam Series) or silty materials overlaying sand and gravel (Enfield Series).
The soils have very rapid permeability, and the hydraulic conductivity of the sediments
can be as high as 200-300 ft per day (LeBlanc, 1984). This high permeability limits the
effects of surface water erosion on the relatively flat terrain of Otis ANGB. However,
because of the numerous construction activities that have occurred over the last
50 years, especially in the cantonment area, the natural surface soil structure at Otis
ANGB has been altered. Currently, the soils on the undeveloped portion of the base are
well protected with managed or natural vegetative cover. 3
3.2.8 Vegetation and Wildlife Resources

The Massachusetts Military Reservation contains about 17,000 acres of
undeveloped land. Most of this land is located on Camp Edwards and represents a
significant portion of contiguous habitat for numerous species of plants and animals. The
Shawme-Crowell State Forest borders the northern edge of the reservation, and the
Crane Wildlife Management Area borders the southern part of the base. Thus, the

reservation serves as an important habitat link connecting the two state-owned natural
areas.

The well-drained soils on Cape Cod support a pine-oak ecosystem (Whittaker, I
1975). Pitch pine (Pinus rigida) and scrub oak (Quercus iiicifolia) dominate the overstory
vegetation, with white oak (Quercus alba), red oak (Quercua rubra), and pin oak (Quercus

palustrus) found on more favorable sites. Typical understory vegetation consists of I
heaths (e.g., blueberry), ferns, and greenbriar.

The extensive areas of natural vegetation on the reservation provide habitat for l
numerous bird and mammal populations, including ruffed grouse, bobwhite quail, osprey,
red-tailed hawk, raccoon, shorttail weasel, woodchuck, and whitetail deer. The presence

of these populations is indicative of a landscape that is relatively undisturbed by human I
activities. Since most of the natural vegetation is located on Camp Edwards, the highest
wildlife densities occur in that area of the reservation. In fact, the Massachusetts 3

I
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3 Division of Fisheries and Wildlife conducts a deer hunting season on a portion of Camp
Edwards each fall. Otis ANGB consists primarily of buildings, runways, and managed
vegetation; thus, the base does not support the variety of woodland animal populations

I found on Camp Edwards.

3.2.9 Threatened and Endangered Species

In the summer of 1984, the Massachusetts Division of Fisheries and Wildlife,
Natural Heritage Program, conducted a field survey for rare and endangered plant and
animal populations on the Massachusetts Military Reservation. No federally classified
threatened or endangered species were found on the reservation, but several rare plant3 species were found on Camp Edwards. These included sandplain flax (Linum intercw'sum)
and two plants located in unnamed ponds near the main entrance to the reservation on
Route 28--umbrella-grass (Fuirena pumila) and hyssop hedge-nettle (Stachys hyssopfolia).

The survey also found three species of birds on Otis ANGB and Camp Edwards
that have been classified by the Massachusetts Division of Fisheries and Wildlife as state
endangered, state threatened, and a species of special concern. These three species are
the upland sandpiper (Bartramia longicauda), the northern harrier (Circus cyaneus), and
the grasshopper sparrow (Ammodrammus savannarum), respectively. The locations of
these sightings, as reported in a study funded by the ANG (White and Melvin [19851), are
shown in Figs. 3.5 through 3.7. These bird populations depend on the extensive grassland
areas that are maintained on Otis ANGB.I
3.2.10 Socioeconomic Factors

I The Cape Cod area (Barnstable County) had a population of 147,925 persons in
the 1980 Census (Table 3.5). The four-town Upper Cape area of Bourne, Falmouth,
Mashpee, and Sandwich contains almost 34% of Cape Cod's total population. Between
1970 and 1980, the county experienced a 53% population growth, making it the highest
growth region in Massachusetts (Massachusetts Army National Guard, 1985). Although
Bourne experienced a population growth of 9.8% from 1970-1980, the other three Upper
Cape towns experienced growth rates significantly higher than the county as a whole
(Table 3.5).

3 Because of its natural features, water-related recreational opportunities, and
proximity to the greater Boston metropolitan area (1.5-2 h driving time), Cape Cod is a
major resort area. The Cape experiences a large seasonal influx of tourists starting in
April, peaking in July and August, and ending around November. Also, an increasing
number of people are retiring on the Cape. Construction of second homes continues to
increase.

Rapid growth of both seasonal tourism and residential and commercial
development is expected to continue into the near future. The year-round population of3 Cape Cod is projected to exceed 230,000 by the year 2000. If one adds to the permanent
population a seasonal second-home population of 350,000 and up to 50,000 tourists
(residing in hotels, motels, tent/trailer parks, etc.) during peak season, the total peak3 summer population could easily reach 630,000 persons.

Upros
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3 TABLE 3.5 Population Data for Barnstable County and Upper Cape Cod Areaa

I1970b 1980b

Percent

Political Otis Otis Increase,
Unit ANGB Civilian Total ANGB Civilian Total 1970-1980

Barnstable
County 5,596 91,060 96,656 2,045 145,880 147,925 53.0

Bourne 3,864 8,772 12,636 2,040 11,834 13,874 9.8

Falmouth 127 15,815 15,942 5 23,635 23,640 48.3

5 Mashpee - - 1,288 - 3,700 3,700 187.3

Sandwich 1,605 3,634 5,239 - 8,727 8,727 66.6

I
Projected
Percent
Increase

1985c 2000c Permanent
Political Population,
Unit Permanent Seasonal Permanent Seasonal 1980-2000

Barnstable
County 167,000 495,000 230,038 604,449 55

3 Bourne 14,900 35,913 18,363 42,528 32

Falmouth 25,823 65,302 32,088 76,203 36

3 Mashpee 5,200 21,464 11,843 34,757 220

Sandwich 10,768 25,581 19,027 37,047 118

aBarnstabLe County contains 15 towns, four of which -- Bourne, Falmouth,3 Mashpee, and Sandwich -- constitute the Upper Cape Cod area.

bBased on 1970 and 1980 U.S. Census data as cited in Cape Cod Planning and

Economic Development Commission, undated-c.

cFrom Cape Cod Planning and Economic Development Commission, undated-e.

I
3
!
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3.2.11 Cultural Resources I
The Upper Cape Cod area is the ancestral home of the Wampanoag Indians. The

area was first settled by the Europeans in the early 1600s. Among the several historic 3
sites in the Upper Cape region are historic homes, meeting houses, cemeteries, and
Indian burial grounds. I

The Massachusetts Historical Commission records only one prehistoric
archaeological site located in the Veteran's Administration area and several historical
sites located in the northern region of Camp Edwards (Massachusetts Army National 3
Guard, 1985). Although an archaeological and historic reconnaissance survey is currently
underway as part of the comprehensive master planning process for Camp Edwards, no
survey is planned for the Otis ANGB area. The Massachusetts State Historic
Preservation Officer has determined that a survey of the project site area would not be
necessary (Talmage, 1986).

3.2.12 Land Use

Table 3.6 shows land uses in the four Upper Cape towns and in Barnstable County
as a whole. Although forestland and wetlands still dominate the area for each of the four
towns (61-80%), the percentage of land being used for urban purposes (14-26%) has

greatly increased over the past 30 years. The amount of land dedicated to urban use is
expected to continue to increase as construction of permanent and second-home
residences and commercial developments continue. 3

All four towns have zoning regulations. In the Town of Bourne, zoning adjacent
to the military reservation includes residential to the north and scenic development,
business, and residential to the west. Along the southern boundary of the reservation, I
most of the land is zoned for public use, with a small amount zoned for agriculture. In
the Town of Mashpee, the southern and eastern boundaries of the military reserve are

adjacent to residential development and recreational areas. Much of the reservation I
boundary in the Town of Sandwich is bordered by land zoned for low- and medium-density
residential use, with the remainder zoned for business and industrial purposes. Specific

locations of the zoned parcels and the associated allowable uses are detailed in the n
zoning ordinances and maps of the respective towns.

In September 1980, Otis ANGB published an Air Installation Compatible Use Zone 3
(AICUZ) report (Otis Air National Guard Base, 1980). This report summarized the
findings of investigations concerning the need for compatible land use planning between

Otis ANGB and its neighboring towns. The AICUZ concept is designed to promote land I
use development near USAF and ANG airfields in a manner that will not only protect
adjacent communities from the noise and safety hazards associated with aircraft

operations, but also will preserve the operational integrity of the airfields. The Otis I
ANGB provides all the towns with the current AICUZ and recommends that the towns
incorporate it into their zoning plans. 3

3
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Land use within the Otis ANGB and adjacent to the military reservation is 5

described in Sec. 3.1.1. An area located adjacent to the Otis ANGB to the north and
west of Moody Pond consists of former sand pits (operated during the 1950s and 1960s)

that presently consist of second growth pitch pine (15-20 ft tall) crisscrossed with roads I
and trails used by four-wheel-drive vehicles and motorbikes (Fundala et al., 1985). The
Town of Mashpee owns land in this vicinity and manages it for conservation purposes
(e.g., trails and wildlife habitat) to protect it from development. A large portion of this I
area is presently covered by existing Otis ANGB easements.

Il
3.2.13 Air and Land Traffic

Eight types of military aircraft are assigned to the Massachusetts Military
Reservation -- F-106, T-33, C-12, U-8, and HU-25 fixed-wing aircraft; and UH-IH, OH-
6A, and HH-3F helicopters. The average numbers of daily operations for these aircraft
and for the various transient aircraft that use the base are listed above in Table 3.3. The
T-33 aircraft are being phased out and would not be present at the time of the proposed
conversion; most C-12 missions will continue to be conducted off station; the HU-25
activities and the helicopter activities are not expected to change. m

All land traffic traveling to or from Cape Cod must use either the Bourne Bridge
or Sagamore Bridge (Fig. 3.1). Essentially only two major highway routes (Routes 6 and
28) traverse the length of the Cape. While these and other two-lane highways and local
roads are adequate for the level of use during the winter, they often are inadequate to
handle summer traffic volumes. The Master Plan for the Camp Edwards Military
Reservation discusses the problems associated with the traffic congestion that occurs in
the summer (Massachusetts Army National Guard, 1984).

3.2.14 Coastal Zone Management

All of Cape Cod, including Otis ANGB, is within the Massachusetts Coastal Zone I
Management Program. The Coastal Zone Management Act of 1972 (CZMA) provides
coastal states with the opportunity and funding to develop comprehensive management
plans for their coastal regions. The primary focus of the CZMA is to allow the states to I
approve or deny federally funded transportation or sewage projects or actions related to
dredging and navigation improvement projects. The Massachusetts Coastal Zone
Management Program currently has 27 coastal zone management policies that serve as i
regulatory guidelines to protect and manage the coastal zone. !

I
U
3
U
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1 4 ENVIRONMENTAL CONSEQUENCES OF THE PROPOSED ACTION

l 4.1 DIRECT AND INDIRECT EFFECTS AND THEIR SIGNIFICANCE

3 4.1.1 Air Quality

Current air pollution emissions from ANG, ARNG, and Coast Guard aircraft and
the emissions that would occur after the conversion were estimated with the Aircraft
Engine Emissions Estimator (ACEE) Model (Seitchek, 1985). These estimates were used
in the evaluation of air quality impacts of the conversion (Table 4.1). In the existing
situation, there are 10 takeoff-landings and a combination of 30 touch-and-goes, low
approaches, simulated flame outs, and missed approaches per day with the F-106. After
the conversion, the F-106 operations would be replaced by 12 landing-takeoffs and a
combination of 36 touch-and-goes, low approaches, simulated flame outs, and missed
approaches by F-15 or F-16 aircraft (depending on the alternative selected). The current

operations with all T-33 aircraft (one landing-takeoff and three touch-and-goes) would be
terminated in FY 1987, and the current Coast Guard operations with HU-25 aircraft (five
landing-takeoffs and ten touch-and-goes) would remain the same. The C-12 and U-8
would maintain their average of 0.5 landing-takeoff per day after the conversion. To
calculate air pollutant emissions, it was assumed that pollutant emissions from transient
aircraft using the Otis ANGB would be the same before and after the proposed
conversion.

Table 4.1 shows that air pollutant emissions either would be reduced or remain
the same after the conversion from F-106 to F-16 aircraft and would be reduced for all
air pollutants except NOx and SO 2 for the F-15. The increases in NOx and S02 for the
F-15 are due to the presence of two engines in that aircraft. Air quality would improve
in the Otis ANGB environs for the F-16 alternative and for three of the five pollutants in
the F-15 alternative. Airborne concentrations of NOx and S02 for the F-15 alternative,
although increased from the current F-106 scenario, would remain small, as described
below.

I The increased airborne concentrations of NOx and SO 2 resulting from the F-15
conversion were estimated separately using the analysis procedure presented in the
ACEE Model (Seitchek, 1985). A worst-hour of aircraft air pollutant emissions was
identified during which each of five F-15 aircraft conducts one takeoff, three closed
patterns, and no landings. (In reality, such operations take place over 1 1/2 h, so
predicted concentrations were prorated to 1 h.) In the model calculations, all takeoffs
were assumed to be made from Runway 14 to the southeast. Pollutant concentrations
were calculated for the nearest point on the boundary of the Military Reservation
(located on the extension of Runway 14 to the southeast) since it is the boundary point of
highest probable airborne pollutant concentrations from the above worst-case F-15 flight
scenario. This location is identified as point P in the following discussion. As
recommended in the ACEE Model, conservative meteorological conditions were assumed
(F stability, 1 m/s [4.8 mph] wind speed). The calculations indicated that maximum

I
I
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TABLE 4.1 Comparisons of Annual Emissions of
Pollutants by Aircraft before and after the 1
Proposed Conversiona

Emissions
(metric tons/year)

Scenario CO HC NOx TSP SO 2

Present situation

Fixed wing 5
F-106 85 54 23 2 5
T-33 11 1 - - -

C-12 2 2 1 - -

HU-25 - - - -

u-8 2 - -.
Transients 17 10 3 - 1

Helicopter
UH-1H 4 2 6 - -

OH-6A 4 - 1 - - a
HH-3F 44 10 22 1 1

Total 169 79 56 3 7

After conversion to F-16

Fixed wing I
F-16 31 4 23 - 2
C-12 2 2 1 - -

HU-25 - - -I

U-8 2 - - -
Transients 17 10 3 - I

Helicopter 1
UH-1H 4 2 6 - -

OH-6A 4 - 1 - -

HH-3F 44 10 22 1 1 I
Total 104 28 56 1 4

After conversion to F-15 1

Fixed wing
F-15 54 6 44 1 7
C-12 2 2 1 - -

HU-25 - - -I

U-8 2 - -.

Transients 17 10 3 - 1

I
I
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I TABLE 4.1 (Cont'd)

SEmi ssions
(metric tons/year)

Scenario CO HC NOX TSP SO 2

3 Helicopter
UH-1H 4 2 6 - -

OH-6A 4 - 1 -

HH-3F 44 10 22 1 1

Total 127 30 77 2 9

aOnly aircraft sources were included in this

inventory. Stationary and mobile sources on
the ground (e.g., aviation ground equipment)
on the Massachusetts Military Reservation
also contribute to air pollution emissions,
but such emissions (not listed here) would
not be significantly changed by aircraft
conversion activities.I

U
I

I
I
I
3
I
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airborne 24-h NOx concentrations would be increased by 2.6 wg/m 3 . Since annual NOx I
concentrations would be less than maximum 24-h values, the total concentration at that
boundary point would be 28 pg/m 3 (ambient) plus 2.6 wg/m 2 (increment due to F-15
conversion), or 31 ug/m 3 . This total concentration would be well within the annual air I
quality standard of 100 g/wm3.

Results of a similar analysis for SO 2 were as follows:

SO 2 , 3-h average

New concentration at point P = ambient (164 ig/m 3) + F-15 flight
increment (0.9 ±g/m 3 )

- 165 wg/rn3 < 1,300 jig/m3 (air
quality standard) I

502, 24-h average

New concentration at point P = ambient (109 Ug/m 3) + F-15 flight
increment (0.6 wg/m 3 )

= 110 14g/m 3 < 365 ig/m 3 (air quality i
standard).

Thus, the increases in NOx and SO 2 emissions caused by conversion to F-15 aircraft I
would add only very small increments to ambient concentration levels, and total
concentrations would remain in compliance with National Ambient Air Quality Standards. j

Various construction activities associated with the conversion would cause short-
term emissions of fugitive dust, but the amount of dust released would be small. With
implementation of appropriate control measures, the concentrations of total suspended I
particulates at the base boundary would be within limits of National Ambient Air Quality
Standards. Control measures could include periodic watering or the use of chemical dust
suppressants.

No significant cumulative air quality impacts would result from the combined
pollutant emissions of Camp Edwards and Otis ANGB activities. Plumes of pollutants
originating from ANG and ARNG activities rarely overlap at significant concentrations
because of the spatial separation of the activities. Also, ambient concentrations of air
pollutants (except for ozone) are considerably less than the limits set by the state
standards. Current pollutant emissions from Camp Edwards are effectively accounted
for in existing air quality data.

Exceedances of the ozone standard at the monitor located in Fairhaven (nine
exceedances in 1984, for example) are due to regional pollution problems and are not
directly due to emissions from the Massachusetts Military Reservation. Ozone is
generally not released directly into the atmosphere from industrial or other sources, but
is formed when reactive hydrocarbons (for example, vapors from gasoline, solvents, inks)
and NOx in 1he air chemically react with each other under exposure to sunlight. 3

I
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3 Considering the comparatively large regional emissions of those pollutants, the NOx and
hydrocarbon emissions from aircraft engines are a small contributing factor to ozone

3 formation.

1 4.1.2 Noise

3 Frequency of Flight Operations

The frequency of flight operations* would increase with the conversion from F-
106 aircraft to F-16 or F-15 aircraft (Table 4.2). While the F-106 aircraft average 103sorties per day and the T-33 1 per day, the F-16 and F-15 would average 12 planned
sorties per day. Two additional daily sorties of the F-16 or F-15 lead to 16 more daily

operations for either of these aircraft.

Day-Night Average Sound Level

To evaluate the noise impacts of the proposed conversion, noise contours were
produced (using the NOISEMAP methodology) for both the F-16 scenario (F-16, HU-25,
transients, ground runup) and the F-15 scenario (F-15, HU-25, transients, ground runup).

The contours are presented in Figs. 4.1 and 4.2 for the F-16 and F-15 scenarios,
respectively. Superimposed on the contours in these figures are the contours for the3 current situation with F-106 aircraft.

Special F-15 and F-16 flights were conducted to obtain (for modeling purposes)
data on the flight profiles (track distances, altitudes, power settings, and airspeeds) that
would be used at Otis ANGB. Both aircraft flew the same ground tracks as that of the
F-106, except for minor changes in turn radii specific to the capability of the F-15 or
F-16. The F-15 was flown at Otis and the F-16 was flown at Atlantic City, New Jersey,
ANGB. Video tape recordings of altitudes and air speeds were read at Otis; changes in
power settings were orally entered on a tape recorder by the pilot.

3 Additional computer runs were prepared to better understand the controlling
factors in these contours. Figure 4.3 presents contours for each of the component
aircraft types that make up the F-16 and F-15 alternatives illustrated in Figs. 4.1 and

4.2.

I
I

*A flight operation is a landing or takeoff; e.g., each touch-and-go equals two flight

i operations.

tA sortie is an individual flight; it consists of a departure, an approach, and one or more
closed patterns.

I
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TABLE 4.2 Comparison of Average Daily Aircraft Operations at Otis ANGB for I
Current Situation and Two Conversion Alternatives I
Aircraft Closed Total

Type Departures Arrivals Patterns Takeoffs Landings Operations 3
Current Situation

F-106 10 10 30 40 40 80
T-33 1 1 3 4 4 8
HU-25 4.85 4.85 10 14.85 14.85 29.7
HU-25 0.05 0.05 0.1 0.15 0.15 0.3
(nighttime)
C-12 0.5 0.5 0 0.5 0.5 1.0
U-8 0.5 0.5 0 0.5 0.5 1.0

Fixed-wing operations subtotal 120.0

F-16 or F-15 Alternative I
F-16 or F-15 12 12 36 48 48 96
HU-25 4.85 4.85 10 14.85 14.85 29.7
HU-25 0.05 0.05 0.1 0.15 0.15 0.3
(nighttime)
C-12 0.5 0.5 0 0.5 0.5 1.0
U-8 0.5 0.5 0 0.5 0.5 1.0 1

Fixed-wing operations subtotal 136.0

Helicopter (assigned) a
UH-IH 1.8 1.8 1 3 . 9 a 1 5 . 7a 1 5 . 7a 3 1 . 4a'b
OH-6A 1.1 1.1 10 .2a 1 1.3a 1.3 22.6a'b

HH-3F 21.7 21.7 0 21.7 21.7 43.4 ___ I
HH-3F 0.3 0.3 0 0.3 0.3 0.6
(nighttime)

Helicopter operations subtotal 98.0 3
Transient

A-7 0.1754 0.1754 0 0.1754 0.1754 0.3508
A-10 0.0492 0.0492 0 0.0492 0.0492 0.0984 I
C-7 0.0440 0.0440 0 0.0440 0.0440 0.0880
C-9 0.0412 0.0412 0 0.0412 0.0412 0.0824
C-12 0.2520 0.2520 0 0.2520 0.2520 0.5040
C-21 0.0960 0.0960 0 0.0960 0.0960 0.1920 I
C-130 0.1726 0.1726 0 0.1726 0.1726 0.3452
KC-135 0.0248 0.0248 0 0.0248 0.0248 0.0496
F-4 0.1372 0.1372 0 0.1372 0.1372 0.2744 I
F-14 0.0164 0.0164 0 0.0164 0.0164 0.0328
P-3 1.0620 1.0620 0 1.0620 1.0620 2.1240

I
U
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I TABLE 4.2 (Cont'd)

Aircraft Closed Total
Type Departures Arrivals Patterns Takeoffs Landings Operations

T-33 0.0574 0.0574 0 0.0574 0.0574 0.1148
T-37 0.2222 0.2222 0 0.2222 0.2222 0.4444
T-42 0.0796 0.0796 0 0.0796 0.0796 0.1592

Total Operations Transient operations subtotal 4.8600

F-106 (existing situation) 223
F-16 Alternative 239
F-15 Alternative 239

3 aANG helicopter flight operations include hovering movements 3 to 5 ft ACL,

which are included in the individual operations logged.

bApproximately 40% of these ARNG flight operations occur in the Camp Edwards

R4101 Training Area.

I
I
l
I
I
I
I
I
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F-106 Alone -- The departure dominates the contours for the F-106 alone
(Fig. 4.3). The larger lobes off the 14 and 05 ends of the runways are due to the 32 and
23 runway departures, respectively, along with the high frequency of utilization of those
runways (32 runway, 50%; 23 runway, 30%). The smaller extent of the contours off the
32 and 23 ends are due to less frequent departures from the 14 and 05 runways (14
runway, 5%; 05 runway, 15%). For F-106 departures, the afterburner is turned off near
the end of the runway (at an airspeed of 250 knots), at which time airspeed is increased
to 310 knots and a constant-angle climb begins at this speed (310 knots, 95% power).
This departure profile represents a noise abatement adjustment to the standard F-1063 departure (see Sec. 3.2.2).

F-16 Alone -- The contours for the F-16 alone are smaller in all directions than
those for the F-106 (Fig. 4.3). In this case also, the departure controls the contours and
leads to expanded contours off the 14 and 05 ends of the runway (due to 32 and 23
departures). The F-16 has a slightly higher rate of climb than the F-106, and the power
setting of the F-16 during the climb is constant at 90% with increasing airspeed. This
greater altitude and lower power setting for the F-16 (as compared with the F-106) leads
to smaller noise contours.

F-15 Alone -- A noise abatement departure profile was used in modeling the F-15
contours (Fig. 4.3). In this profile, takeoff is at 88% power (140 to 300 knots), with a
reduction to 82% power at 1 nautical mile from the departure end of the runway. This
82% power is maintained (at a 300-knot airspeed) during a rapid rate of climb. Compared
with the F-106, the F-15 has a significantly higher altitude in departure and lower power
setting (95% vs. 82%). As a result, the F-15 noise contours are significantly smaller than
those of the F-106. In fact, the noise-abatement departure profile for the F-15 proposed
for Otis is so efficient at reducing noise that the F-15 approach noise is greater than the

i departure noise.

The long tails revealed by the contours at the 23 and 32 ends of the runways are
caused by (1) the dominance of approach noise for the F-15 contours and (2) the greater
frequency of utilization of the 23 and 32 ends of the runways for approaches. No tails
(65 dB or greater contours) exist at the 05 and 14 runway ends because of the low
frequencies of approaches at those runways. The bulges in the middle of the tails are due
to closed patterns ,. at cross the contours about the 23 and 32 runway ends. The bulge at
the Runway 32 contour tail is due to Runway 05/23 closed patterns, and the 23 end
contour tail is due to Runway 14/32 closed patterns.

Ground Tracks -- The ground tracks for the F-106 are plotted in Fig. 4.4. Similar
plots for the F-16 and F-15 are nearly identical except for a few smaller turn radii.

I Transients -- The transient aircraft contours in Fig. 4.3 are considerably smaller
than any of the F-106, F-16, or F-15 contours. This is due to the relatively small number
of transient aircraft operations. No closed patterns (only landing-takeoffs) occur with

the transient aircraft; this results in the narrowness of the contours about the runways.

HU-25 and T-33 -- The noise contours in Fig. 4.3 for the HU-25 and T-33 aircraft
are very small because of the low number of daily operations with these aircraft.

I
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Ground Runup -- Contours were calculated for F-106, F-16, and F-IS aircraft
ground runup operations inside a hush house. However, in each case there were no
contours at noise levels of 65 dB or greater, so no contours for ground runup could be3 plotted in Fig. 4.3.

F-16 Scenario -- Figure 4.1 shows that the existing F-106 contours (F-106
scenario) are significantly larger than those of the F-16 scenario. This condition is due
to the relative sizes of the contours for the F-106 and F-16 aircraft themselves. The
transients, HU-25, and T-33 aircraft have no significant effect on the contours.

3 F-15 Scenario -- Figure 4.2 shows that the existing F-106 contours (F-106
scenario) are significantly larger than those of the F-15 scenario. This again is due to
the relative sizes of the contours for the F-106 and F-15 aircraft themselves rather than
to contributions from any other aircraft using the base.

Noise contours were also prepared for the F-15 for a standard (rather than a
noise-abatement) takeoff procedure. Under the standard procedure, takeoff power is at
constant military power (93%). Altitudes are lower and power settings are higher (93%
versus 82%) as compared with the noise-abatement F-15 departure profije described3earlier. The noise contours from the standard F-15 takeoff pattern (not shown) were
found to approximate the size of the F-106 noise contours. The comparison makes it
clear that noise-abatement procedures can have significant effects on the size and3 extent of the noise contours.

Afterburner takeoffs, which are used for air defense scrambles, are not modeled3 due to their relatively infrequent occurrence.

3 Single-Event Analysis

Fourteen residential locations outside the military reservation, closest to
ANG/ARNG noise sources, were selected for evaluation of worst-case noise impacts due
to military activities (Table 4.3). Receptors 1-11 are identified in Appendix B (Table B.6
and Fig. B.7) in conjunction with the evaluation of combined noise impacts. Those
11 locations were supplemented with three additional locations, designated as Points A,
B, and C. Point A is a residence in northern Mashpee on Great Neck Road near the
centerline of Runway 14, Point B is a northern Mashpee residence on the centerline of
Runway 05 between Pimlico and Peters Ponds, and Point C is in the residential
community immediately southeast of Snake Pond.

The noisiest operations of the F-106 and each of the replacement aircraft were
determined for each receptor. A departure or an approach was found to cause the
maximum noise levels at each receptor location. In this analysis, the maximum noise

level predicted at a particular receptor during this noisiest flyover characterizes the
" shcý-t-term impact of an individual event. Formation (two-craft) takeoffs and landings

were assumed for the calculations (i.e., two F-106 or two replacement aircraft are
landing or taking off at the same time). At Otis ANGB, 60% of F-106 departures are

formation takeoffs and 40% are single-craft takeoffs. For both the F-15 and F-16

I
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TABLE 4.3 Predictions of the Maximum A-Weighted Noise Levels (dB) at 14 Residential I
Locations for the Current Case (F-106) Compared with the F-16 and F-15 Alternatives

F-106 F-16 F-15
Receptor
Locationa Departure Approach Departure Approach Departure Approach

1 72 48 57 33 54 45 1
2 72 53 62 38 59 50
3 81 66 79 51 72 62
4 91 68 81 56 73 63 3
5 72 52 61 37 58 49
6 83 92 86 70 81 85
7 108 107 109 90 91 98
8 106 106 107 90 90 98
9 100 89 101 76 88 84

10 82 92 83 70 80 85
11 87 87 95 70 85 82

A 90 97 98 70 87 91
B 96 99 102 71 89 92
C 1il 103 112 93 94 96

aLocations 1 through 11 are described in Appendix B, Table B.6, and are shown 1
in Fig. B.7. Locations A, B, and C are described in Sec. 4.1.2 under the
Single-Event Analysis subsection. 1

alternatives, it is expected that 75% of departures would involve two craft and 25%

single craft. For all three types of aircraft, 25-30% of approaches are two-craft. Since I
two-craft departures and approaches are noisier (by 3 dB) than single-craft flights, only
two-craft flights were considered in this single-event analysis (as well as in the analysis

of Appendix B).

An existing computer code, OMEGA10 (Mohlman, 1 ?,designed to produce
single-event aircraft noise data for specific engine power se ting; .ased on experimental
data (Speakman et al., 1978a, 1978b) was used as a basis k.. a new computer code

(developed at Argonne National Laboratory) to calculate the greatest maximum noise
level at any receptor for each aircraft's flight path. For the Otis ANGB flight 3
conditions, the calculations were made for points located every 100 ft along the flight
path. Aircraft speed, power setting, and altitude at each point along the flight path were
determined from the same flight profile data that were input directly to NOISEMAP. At 1
each ground receptor location (A-C and 1-11), the maximum noise level was determined
for each flight by first calculating the maximum level for every point along the flight
path and then choosing the greatest value. 3

I
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3 The results of these computations, as listed in Table 4.3, indicate that:

" For F-16 aircraft, the maximum A-weighted noise levels are lower3 than F-106 noise levels for some locations, but are slightly greater
at other locations. These differences are small and were found to
be a result of power setting and altitude differences between the3 F-106 and the F-16 for these particular locations.

" For F-16 aircraft, departure noise levels are greater than approach
* noise levels at all of these locations.

" For F-15 aircraft, the maximum A-weighted noise levels are lower
than the levels for the F-106 aircraft at all of these locations,
indicating reduced single-event noise impact.

In summary, conversion to F-16 aircraft would reduce maximum single-event
noise levels at some locations and slightly increase maximum noise levels at others.
Conversion to the F-15 aircraft would reduce maximum single-event noise levels at all of3 the 14 receptor locations considered.

3 Combined Impact of ARNG Gunfire and ANG Jet Aircraft Noise

The combined noise impacts (from ARNG, ANG, and Coast Guard activities)
analyzed for the F-106 aircraft (See. 3 and Appendix B) also were analyzed for the two
replacement aircraft. In the first evaluation method, the predictions of ARNG gunfire
(Ldn based on C-weighting) and ANG/Coast Guard jet activity (Ldn based on A-
weighting) were summed. The calculations for both replacement aircraft types indicated
that the critical ANG and ARNG noise contours (62 dB for ARNG gunfire and 65 dB for
jet noise) did not overlap off the military reservation.

* The second method of evaluation involved determining which maximum sounds
(from jets, helicopters, demolition, or gunfire) are dominant and could mask the other
sounds using different ARNG, Coast Guard, and ANG activities and off-site locations.
Results for the existing and two replacement aircraft are compared in detail in
Appendix B.

3 On departures, the F-16 generally would cause a lower sound level in the
community than does the F-106, as discussed previously in this section. Depending upon
the off-site location involved, the conversion from F-106 to F-16 aircraft would lessen
the combined noise levels. For example, the F-106 departure noise is much louder than a
mortar shell burst, and the mortar shell burst is louder than the F-16 departure noise at
the Sandwich/Shawme-Crowell State Forest area (receptor location 2). However, at the
Sandwich/Pimlico Pond area (receptor location 7), the same mortar shell burst would be
inaudible (masked) during the much louder F-106 and F-16 aircraft departures via
Runway 05. In summary, depending upon location and scenario, the lower F-16 departure3noise would provide a lessening of combined noise impacts. Conversion from F-106 to
F-15 aircraft would reduce at all off-site locations noise levels due only to jet aircraft.

3
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Near the air base, the ANG maximum jet noise predominates over the maximum 3
Army gunfire noise (in terms of maximum loudness). At some locations near Camp
Edwards, the Army impulsive noise predominates over the ANG jet noise, whether that
noise is from an F-106 or replacement aircraft. In general, the relative noise impacts of 3
either aircraft conversion alternative would be unaffected by simultaneous firing of
Army weapons.

Noise Impacts on Land Use

Table 4.4 compares the number of off-site residents, occupied housing units, 1
schools, hospitals, and acres of land within each of the noise isopleth zones for the three
cases analyzed. Compared with the current situation (F-106 aircraft), fewer off-site
residents would be exposed to noise under either conversion alternative. A maximum of
79 residents and 32 occupied housing units are exposed to Ldn noise levels in the 65-70
dB range under the baseline (F-106) conditions. For the F-15 alternative, 37 residents
and 15 occupied housing units would be within the 65-70 dB contour zones; for the F-16 I
alternative, the numbers are 30 residents and 12 occupied housing units. It should be
noted that a housing development is nearing completion in the City of Mashpee within
less than 0.5 mi of the southeastern extension of Runway 14. This development is
expected to increase by approximately 94 and 38, respectively, the number of people and
occupied housing units exposed to Ldn noise levels in the 65-70 dB range. The land area
exposed to various levels of noise is smallest for the F-15 alternative and greatest for
the current conditions with F-106 aircraft. No off-site residents, occupied housing units,
schools, or hospitals are exposed to Ldn noise levels above 70 dB for any of the
alternatives.

Table 4.5 presents land-use compatibility guidelines based on the noise exposure
levels depicted in Figs. 3.4, 4.1, and 4.2. Based on these noise levels, it is clear that both I
conversion alternatives would result in decreased noise levels in the local area. Although
the replacement aircraft would fly more sorties per day (12) than the F-106 (10), the size
of noise contours would be reduced because of the lower noise level of the replacement I
aircraft. Since either alternative aircraft would reduce noise levels in the vicinity of the
base, the conversion is expected to have an overall positive impact on local land use. 1

4.1.3 Hazardous Materials 3
The environmental consequences discussed below for asbestos and hazardous

materials (excluding hydrazine) would be the same for either replacement aircraft.

Hydrazine would be present only if the F-16 is chosen as the replacement aircraft. I
Asbestos 1

Asbestos is located in two buildings at Otis ANGB that would be affected by the
proposed action. Asbestos located in Bldg. 165 and the alert facility will be removed 3
under contract in accordance with all federal regulations designed to protect workers,

I
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TABLE 4.4 Comparative Number of Off-Site Residents, Occupied Housing Units,
Schools, Hospitals, and Acres of Land within Ldn Noise-Level Zones for the
P-106, F-15, and F-16 Alternatives

Ldn Number of
Zone Number of Occupied Number of Number of Acres
(dB)a Residentsb Housing Unitsb Schools Hospitals of Land

N Baseline Case (F-106)

65-70 79 32 0 0 1,318
70-75 0 0 0 0 775
75-80 0 0 0 0 461
80-85 0 0 0 0 259

>85 0 0 0 0 326

F-I5 Alternative

65-70 37 15 0 0 684
70-75 0 0 0 0 283
75-80 0 0 0 0 214
80-85 0 0 0 0 77

>85 0 0 0 0 21

F-16 Alternative

65-70 30 12 0 0 871
70-75 0 0 0 0 493
75-80 0 0 0 0 271
80-85 0 0 0 0 1843 >85 0 0 0 0 16

aValues represent the contour lines shown in Figs. 3.4, 4.1, and 4.2.

For each alternative, the noise contour calculations included all
aircraft that would be using the base.

bThese figures represent population and occupied housing units that

existed as of April 10, 1987. A housing development was being built
in the city of Mashpee within less than 0.5 mi of the southeastern
portion of the base (near the intersection of Bearse Road and Great
Hay Road). Although no one lived in the development at the time,
28 houses were nearing completion, and an estimated 10 additional
homes were expected to be built soon. Most of these homes would be
within the 65-70 dB zone for the F-106 and F-15 alternatives. This
would add an estimated 38 occupied housing units and 94 people to the
values given in these columns for thQ F-106 and F-15 alternatives.
The 65-70 dB noise contour would not reach into this housing develop-
ment for the F-16 alternative, and therefore the residents and
occupied housing units would not be exposed to Ldn levels above 65 dB.

I
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TABLE 4.5 Land Use Compatibility Guidelinesa I

Day/Night Average Sound Levels (dB) 3
Land Use Category >85 80-85 75-80 70-75 65-70

Residential I I I 3 0 b 2 5b

Industrial/Manufacturing I Cc Cd Ce C

Transportation, Communication, and Utilities C C C C C
Commercial Retail Trade I I 30 35 C

Personal and Business Services I I 30 25 C

Public and Quasi-Public Services I I I 30 25

Outdoor Recreation I I I Cf1 g C
Resources Production, Open Space C Ch Ch C C I
aAlphanumeric entries have the following meanings.

I - Incompatible: The land use and related structures are not compatible and

should be prohibited.

C - Compatible: The land use and related structures are compatible without

restriction and should be considered.

35, 30, or 25: The land use is generally compatible; however, a Noise Level
Reduction (NLR) of 35, 30 or 25 must be incorporated into the design and

construction of the structure.

35 , 30 , or 2 5 x: The land use is generally compatible with NLR; however, such

NLR does not necessarily solve noise difficulties and additional evaluation 3
is warranted.

bAlthough local conditions may require residential uses in a compatible use

district (CUD), this use is strongly discouraged in Ldn 70-75 and discouraged

in Ldn 65-70. The absence of viable development alternatives should be
determined and it should be shown that a demonstrated community need for

residential use would not be met if development were prohibited in these CUDS.

CAn NLR of 35 must be incorporated into the design and construction of portions of I

these buildings where the public is received, where office areas are located, or

where the normal noise level is low.

dAn NLR of .30 must be incorporated into the design and construction of portions of 3
these buildings where the public is received, where office areas are located, or

where the normal noise level is low.

eAn NLR of 25 must be incorpc¢ated into the design and construction of portions of

these buildings where the public is received, where office areas are located, or

where the normal noise level is low.

fFacilities must be low intensity.

gAn NLR of 25 must be incorporated into buildings for this use.

hResidential structures not permitted. I
I
I
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the public, and the environment. These considerations indicate that impacts of asbestos
removal would not be an important problem.I

Other Hazardous Materials

Other hazardous materials (as listed in See. 3.2.4) are currently managed on the
Otis ANGB in accordance with relevant state, federal, and ANG regulations. The types
of wastes and the procedures for managing them would not differ after the conversion.3 The volumes of these wastes are expected to decrease in the future because rf a policy
to minimize wastes. Thus, it is expected that aircraft conversion would have no major
effects on potential impacts from hazardous waste management.

Hydrazine - F-16 Alternative Only

Hydrazine, a clear, oily liquid that evaporates at a rate similar to that of water
at any given temperature, would be used in the F-16 aircraft as the source of emergency
power for instruments and controls during temporary engine failure. Hydrazine is rated
as a hazardous material because it is flammable and produces toxic effects in humans
and lower organisms through ingestion, inhalation, or skin absorption. Two chemical
properties of hydrazine are important to its use and handling at an air base. One is
reaction on contact with a catalyst to yield large volumes of gases that can be used to
provide hydraulic power or, on expansion through a turbine, electric power. This
property is applied in the emergency power unit of the F-16 aircraft. The other
important chemical property is reaction with hypochiorites, such as household bleach or a
65% calcium hypochlorite substance (referred to as high-test hypochlorite, or HTH) to
yield innocuous compounds: nitrogen, water, and sodium chloride (in the case of bleach)
or calcium chloride (in the case of HTH). This property is applied in neutralization of
spilled hydrazine.

Hydrazine fuel would be delivered to the base as a mixture of 70% hydrazine and
30% water). Because of its 70% concentration, the fuel is referred to as H-70. The H-70
would be transported in 55-gal stainless steel drums (each packed in a styrofoam cask) by

commercial carrier accompanied by a security escort. The total inventory at Otis ANGB
would be two 55-gal drums of H-70 and the 6.8 gal present in each aircraft. Because
H-70 would be used only during infrequent engine failure, its consumption rate would be
variable but relatively small. The average rate might be about 150 gal per year for
18 F-16 aircraft. The H-70 would be carried by an F-16 aircraft in a 6.8-gal tank
attached to or removed from the aircraft on the flight line. Tanks partly emptied by fuel
use would be removed from the aircraft and transported to the hydrazine facility, a
ventilated building with an area of about 810 ft 2 .

3 Operations carried out in the hydrazine facility would include storage of the
H-70 inventory, filling and emptying of tanks, and collection of any drippings from those
operations. Normally no waste H-70 would be generated; the residual in any tank would
be collected for recycling. Any fuel shown to be unusable by tests would be removed
from the base by a U.S. Department of Defense (DOD) agency. The sink and drains in the
H-70 facility would conduct any spilled liquid to a drain tank containing bleach to

I
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neutralize the hydrazine. The contents of the drain tank -- a dilute, aqueous solution of
bleach and the salts formed by neutralization -- would also be transferred to another U
agency for disposal.

The potential impacts of normal operation with hydrazine would involve exposure
of technicians rather than of the environment. Permissible exposure limits,
recommended procedures and equipment for meeting the limits, and proper handling and
spill response procedures are given in AFOSH Standard 161-13 (Department of the Air
Force, 1979). In normal operations on the flight line, the equipment and procedures used
in changing tanks on aircraft would negate the inhalation hazard to pilots and
technicians. In normal operations in the hydrazine facility, impacts would be minimized
by use of forced-air ventilation, protective clothing, air packs, and a special system for
refilling tanks. The system would be closed, and the tanks would be refilled above a sink
in which drippings would be caught and neutralized. Concentrations of hydrazine in the
air would be monitored in indoor areas, hangars, and the hydrazine facility, as necessary.

Control of the potential impacts from both normal operations and mishaps
involving hydrazine would be based on procedures and equipment specified in Air Force
regulations and also on state regulations for handling of. hazardous wastes. The effective

use of these procedures and equipment would be based on training of personnel in specific I
assignments for normal operations and mishaps.

Operations with hydrazine carried out in accordance with these plans would 3
result in minor impacts on base personnel and on the air quality and groundwater of the
base and surrounding communities.

4.1.4 Herbicides and Pesticides

The routine application of herbicides and pesticides in accordance with 1
appropriate state and federal regulations is described in Sec. 3.2.5. The rate of
application and the procedures used, and thus the potential impacts, would not be
changed by conversion to either replacement aircraft.

4.1.5 Water Supply and Treatment

The J well would continue to supply adequate amounts of water for the Otis
ANGB regardless of the replacement aircraft selected. Since the sewage treatment
facility is only operating at 30-60% of the permitted capacity (due to sand filter bed
limitations and permit restrictions imposed by the Massachusetts Department of
Environmental Quality and Engineering), the conversion would not affect the sewage
treatment capability of Otis ANGB or the remainder of the Massachusetts Military
Reservation. It is also anticipated that water-using activities (e.g., washing of aircraft)
for the replacement aircraft would be nearly identical to those for the current
F-106 aircraft. Since nothing would be added to the facility that would change current
usage, no increased impacts to water supply or treatment are anticipated from the
conversion. The potential for impacts to water quality from use of hydrazine were
discussed in See. 4.1.3. I

I
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4.1.6 Land and Soil Quality

The only new construction projects related to the conversion that would result in
excavation work are the munitions maintenance and storage facility, the composite

squadron operation facility, and the alternate fuel facility. All of these new construction
projects would occur in areas on the base that are surrounded by existing buildings and
structures. Thus, past construction activities in these locations have already altered the

original soil conditions and drainage patterns. Site grading during the early phases of
construction may result in a temporary increase in soil erosion rates. However, soil
stabilization (e.g., seeding) after this construction phase would limit erosion potential.
Therefore, no important changes in land and soil conditions would be associated with the
aircraft conversion.I
4.1.7 Vegetation and Wildlife Resources

I The conversion would have no important changes on the vegetation and wildlife
within the Massachusetts Military Reservation. Total noise levels from the replacement
aircraft operations would be reduced from those now occurring with F-106 operations,
and the noise impacts on wildlife would be reduced. Construction of the munitions
storage and maintenance facility would occur next to the current fenced munitions
storage area on land that is owned by the government. The area is already cleared and
regularly mowed to maintain an open perimeter area. However, the granting of
restrictive easements for 51 acres next to the munitions maintenance and storage
facility and the alert facility would result in the maintenance of valuable habitat for
natural vegetation and wildlife. Thus, minimal disturbances and some enhancements are
expected for either replacement aircraft.I
4.1.8 Threatened and Endangered Species

There are no known federally threatened or endangered species at Otis ANGB.
The state-listed upland sandpiper, northern harrier, and grasshopper sparrow populations
on the base have not been sighted in areas that would be affected by any activities

associated with the conversion (see Figs. 3.5 through 3.7). In addition, the reduced noise
of the replacement aircraft at take off should reduce noise stress for these three
grassland bird populations. This reduction in noise levels would constitute an

environmental enhancement for these species, especially during the mating and nesting
period.

4.1.9 Socioeconomic Factors

Construction and operational activities associated with the conversion to either
replacement aircraft are not expected to affect population levels, community services,
or housing in the Upper Cape area.I

I
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4.1.10 Cultural Rosources 3
Construction and operational activities for either replacement aircraft would not

impact any !:nown cultural, historical, or archaeological sites (Talmage, 1986). However,
undiscovered sites might be uncovered, damaged, or destroyed during some excavation
activities. Construction impacts to cultural resources can be avoided or reduced by
adhering to the mitigative measures discussed in See. 4.4. i

4.1.11 Land Use i
Construction activities are not expected to produce major changes in current

land use surrounding the Otis ANGB. The largest change in land use associated with the
aircraft conversion would be the need for an additional restrictive easement as a safety I
zone adjacent to the munitions storage and maintenance facility area. The Town of
Mashpee has placed restricted access on the 51 acres of land adjacent to the munitions
maiatenance and storage area and the alert facility. This land has been permanently set I
aside as a wildlife management area, which will satisfy requirements for the additional
safety zone. The existing and proposed safety easements are shown in Fig. 4.5. Although
permanent dwellings would be prohibited within the easements, agriculture, grazing, I
transportation, and utility rights-of-way would be allowed, subject to ANG approval. In
accordance with the stipulations that the land owned by the Town of Mashpee be used for
passive recreation needs, dispersed recreational activities (e.g., hiking, picnicking, U
hunting) would be allowed within the restricted easement area, thereby minimizing any
conflicting land use. This change would occur regardless of alternative replacement
aircraft selected.

4.1.12 Air and Land Traffiec

The conversion action would slightly change air traffic operations. Currently,
ANG flight activities consist of about 11 daily sorties (10 for F-106 and 1 for T-33).
After conversion, operations would increase to about 12 sorties per day regardless of the
replacement aircraft selected. Training airspace utilization would remain the same as
that for the current F-106 operations (See. 3.2.3). 3

Direct land traffic impacts from the transport of workers and materials to and
from Otis ANGB would be minimal with the alternative aircraft and would be limited to
construction-related traffic during the construction period and to the new employees. A
cumulative impact on local traffic levels would result because of additional construction
traffic generated during the demolition, rehabilitation, and construction activities that
would be performed by both the ARNG and ANG during the aircraft conversion process.
Minor delays of local and tourist traffic might occur on the routes used by construction-
related autos and trucks. 3

U
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FIGURE 4.5 Locations of Existing and Proposed Safety Easements at Otis ANGB

I

4.1.13 Coastal Zone Management

S~The proposed conversion to either replacement aircraft would be a federal action
taking place in a CZM area, but the conversion activities would not require a federal

permit or license. Furthermore, the conversion activities would not affect navigablewaters or coastal wetlands and waters. Thus, the proposed action would not require a

federal consistency review.

4.2 RELATIONSHIP OF PROPOSED ACTION TO OBJECTIVES OF

! LAND USE PLANS, POLICIES, AND CONTROLS

The proposed aircraft conversion would not adversely affect the overall

objectives of current land use plans, policies, and controls of the four towns adjacent to

I
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Otis ANGB. However, the ANG and the Town of Mashpee need to finalize an easement
agreement concerning the acreage and types of activities to be allowed on lands required I
for a restrictive easement as a safety zone adjacent to the Otis ANGB munitions
maintenance and storage area.

4.3 ADVERSE ENVIRONMENTAL EFFECTS THAT CANNOT BE
AVOIDED SHOULD THE PROPOSAL BE IMPLEMENTED

The proposed conversion would result in no adverse environmental effects that
could not be avoided.

4.4 MITIGATIVE MEASURES U
If historic or archeological artifacts are discovered during excavation activities,

the Massachusetts State Historic Preservation Officer (SHPO) must be notified
immediately. A determination would be made by the SHPO as to the appropriate
mitigative measures to be followed. This would apply to either conversion alternative.

If the F-16 were selected as the replacement aircraft, certain mitigative
measures would be required relative to the use and storage of hydrazine, which is not
used for the F-106 or F-15 aircraft. Accidental ignition of hydrazine would be prevented I
by electrical grounding of equipment and by storing the liquid in steel containers. For
technicians, such impacts as eye irritation and toxic effects resulting from inhalation and

skin absorption would be prevented by the use of rubber gloves, protective clothing, and I
face shields. Safety showers and eye-wash fountains would also be available.

Because concentrations of hydrazine in the air within less than 50 ft from s,.s As

could exceed guidelines, a spill-response team of trained personnel would be prepared to
neutralize spilled H-70 quickly (Department of the Air Force, 1979). The team would
carry out spill countermeasures developed by the Air Force and adapted for use at the I
Otis ANGB as described in the Hazardous Materials Management Plan for the base
(Massachusetts Air National Guard, 1985). Equipment available to the team would

include protective clothing, air packs, neutralization chemicals, and equipment for I
retrieval and containment of spilled liquids. The procedures for treating spills of H-70
would involve surrounding the spill with an absorbent dam of rags and diluting with
water. The diluted liquid would then be mopped up and placed into containers to be I
removed later by the Defense Reutilization and Marketing Office. Household bleach

would be used to neutralize any hydrazine remaining on the pavement; any excess
chlorine from the bleach could be destroyed, if necessary, by sodium thiosulfate I
solution. Massachusetts regulations on treatment of hazardous wastes would be observedin management of spilled hydrazine.

I
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4.5 RELATIONSHIP BETWEEN SHORT-TERM USE OF THE
ENVIRONMENT AND LONG-TERM PRODUCTIVITY

Operational activities associated with the proposed aircraft conversion would be
consistent with the present and historical role of the ANG activities at Otis ANGB. The
locations that would be altered by construction activities already are surrounded by
buildings and have been extensively altered over the past 50 years. Thus, the long-term
productivity of the site (in terms of natural vegetation and wildlife populations) has
already been compromised by past activities.I
4.6 IRREVERSIBLE AND IRRETRIEVABLE COMMITMENT OF RESOURCES

Capital, energy, materials, and labor would be committed to the construction and
rehabilitation of aircraft support facilities.

I
I
U
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I
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* APPENDIX A:

Ldn METHODOLOGY

A.1 NOISE ENVIRONMENT DESCRIPTOR

3 The day-night average sound level (Ldn) system of describing the noise
environment was used to produce the noise contours presented in this assessment.
Efforts to provide a national uniform standard for noise assessment have resulted in

adoption by the U.S. Environmental Protection Agency (U.S. EPA) of Ldn as the standard
measure of noise for this procedure. Air Force studies have established the accuracy of
their NOISEMAP computer model, in terms of Ldn methodology, to be 1 to 2 dB. It is
used by numerous federal agencies, including the Department of Defense, Department of
Housing and Urban Development, and the Federal Aviation Administration.

SThe Ldn descriptor is a method of assessing the amount of exposure to aircraft
noise and predicting the percentage of residents in a well-populated community that are
"highly annoyed (% HA)" by the various levels of exposure (Committee on Hearing,
Bioacoustics, and Mechanics, 1977; Schultz, 1978). The Ldn values (in dB) used for
planning purposes and for which contours are presented in this assessment are 65, 70, 75,
80, and 85. Land use guidelines are based on the compatibility of various land uses with

Sthese exposure levels (U.S. Department of Defense, 1964).

It is generally recognized that a noise environment descriptor should consider, in
addition to the annoyance of a single event, the effect of repetition of such events and
the time of day in which these events occur. Ldn computation begins with a single-event
descriptor and adds corrections for the number of events and the time of day. Since the
primary noise impact relates to residential areas, nighttime events are considered more

annoying than daytime events and are weighted 10 dB accordingly. The Ldn values are
computed by first logarithmically summing the single-event energy descriptors for all of
the flight operations in a typical 24-h day (after adding the 10 dB penalty to all nighttime

operation levels); then the level is averaged for a 24-h period (Acoustical Society of
America, 1980).

I As part of an extensive data-collection process, detailed information is gathered
on the flight tracks flown by each type of aircraft assigned to the base and the number
and time of day of flights on each of these tracks during a typical day. This information

is used in conjunction with the single-event noise descriptor to produce Ldn values.
These values are combined on an energy summation basis to provide single Ldn values for
the mix of aircraft operations at the base. Equal value points are connected to form the

contour lines.

I A.2 NOISE EVENT DESCRIPTOR
The single-event noise energy descriptor used in the Ldn system is the sound

exposure level (SEL). The SEL measure is an integration of the A-weighted noise level
over the period of a single event, such as an aircraft flyover, in dB, with a referenceI

I
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duration of 1 second. Frequency, magnitude, and duration vary according to aircraft 3
type, engine type, and power setting. Therefore, individual aircraft noise data are
collected for various types of aircraft/engines at different power settings and phases of
flight. SEL versus slant range values are derived from noise measurements made
according to a source noise data acquisition plan developed by Bolt, Beranek and
Newman, Inc. in conjunction with the Air Force Aerospace Medical Research Laboratory
(AMRL) and carried out by AMRL (Bishop and Galloway, 1975). These standard-day,
sea-level values form the basis for the individual-event noise descriptors at any location
and are adjusted to the location by applying appropriate corrections for temperature,
humidicy, altitude, and variations from standard profiles and power settings.

Ground-to-ground sound propagation characteristics are used for ground runup
activities. Air-to-ground propagation characteristics are used whenever the aircraft is

airborne and the line-of-sight from observer to aircraft is 7 degrees or greater above
horizontal; if the line-of-sight is 4 degrees or less, ground-to-ground propagation
characteristics are used. Between these angles, propagation characteristics are
interpolated (Speakman et al., 1977).

In addition to assessing aircraft flight operations, the Ldn system also

incorporates aircraft and engine ground runup or tests resulting from engine/aircraft
maintenance checks on the ground. Sounds such as aircraft/engine ground runup noise
are essentially constant in level during each test run at a given power setting. Data on
the orientation of the noise source, type of aircraft or engine, number of test runs on a I
typical day, the power settings used and their duration, and use of suppression devices
are collected for each ground runup or test position. This information is processed along
with mean sound pressure level (average-energy level) data to yield equivalent time- I
integrated sound exposure levels, which are added (on an energy summation basis) to the
noise generated by flight operations to produce Ldn contours reflecting the overall noise
environment with respect to air and ground operations by aircraft.

A.3 NOISE CONTOUR PRODUCTION I
Data describing flight tracks, flight profiles, power settings, flight paths and

profile utilization, and ground runup information by type aircraft/engine are assembled I
and processed for input into a central computer. Ldn contours are generated by the
computer using the airfield-supplied operational data and the standard source noise data

corrected to local conditions. The computer system plots these contours, which are I
provided in the text.

A.4 REFERENCES

Acoustical Society of America, American National Standard Sound Level Description for n
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3 APPENDIX B:

MATHEMATICAL MODELING OF THE COMBINED IMPACTS OF NOISE FROM
ARMY NATIONAL GUARD, AIR NATIONAL GUARD, AND

COAST GUARD ACTIVITIES

I B.1 BACKGROUND

As part of this environmental assessment (EA), we evaluated the combined noise

impacts of Army National Guard (ARNG), Coast Guard, and Air National Guard (ANG)
activities. ARNG activities include training exercises at Camp Edwards involving the
firing of small arms, artillery, mortar rounds, and demolition. ARNG activities also

include training exercises using UH-1 and OH-6 helicopters. ANG activities currently
involve training exercises with F-106 and T-33 fixed-wing aircraft. The Coast Guard
uses HU-25 fixed-wing aircraft and HH-3 helicopters. Relevant to this assessment are

changes in noise impacts that would result from the replacement of F-106 aircraft with
F-16 or F-15 aircraft. The purpose of this appendix is to answer the following

i questions:

"* How do the current noise environments created by the ARNG, Coast

Guard, and ANG interact in the communities surrounding the Camp
Edwards/Otis ANGB area?

" How would this current environment change if the F-106 aircraft

were replaced by F-16 aircraft?

"" How would this current environment change if the F-106 aircraft

were replaced by F-15 aircraft?

"" What are the changes in impacts due to the combined noise event
energy levels averaged over 24 h (see Sec. B.2), as well as due to
isolated peak noise event levels (see Sec. B.3).

3 Relative to the last item, DOD and U.S. Army policies mandate an evaluation of
combined noise impacts by using the Ldn descriptor to implement the 24-h average
concept. Those policies do not require further analysis; however, it was felt that a study
of the combined impacts of ARNG and ANG peak noise events would provide an informa-
tive complement to the combined impacts analysis based on 24-h average conditions.

It is assumed in the following analyses that the Camp Edwards Master Plan has
been fully implemented. The noise environment for the ARNG activities is assumed to
be that of the year 1990 or later, after the Camp Edwards training areas and activities

(gunfire and helicopter flights) have been upgraded. ANG activities are represented by

three alternatives: (1) the current situation with the F-106 and T-33 aircraft, (2) the
conversion scenario with the F-16 aircraft, and (3) the conversion scenario with the F-15
aircraft. Coast Guard activities are assumed unchanged in 1990 from the current

situation in which fixed-wing HU-25 aircraft and HH-3 helicopters are used for training
and rescue missions.I

I
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The two separate methodologies used in this assessment to estimate the 3
cumulative impact of these very different types of noise environments are discussed
below.

8.2 METHOD 1: SUMMATION OF C-WEIGHTED ISOPLETHS (FROM ARNG
IMPULSIVE NOISE) AND A-WEIGHTED ISOPLETHS (ANG AND COAST GUARD 3
JET NOISE)

U.S. Army and DOD policy indicates that the combined impact of noises of 3
different character (e.g., impulsive and broadband) is to be evaluated on a 24-h average
basis by the addition of component Ldn noise levels (Metcalf, 1977; Department of the
Army, 1982). In the Otis ANGB/Camp Edwards case, this means that the C-weighted Ldn I
isopleths (impulsive noise from ARNG artillery activities) and A-weighted Ldn isopleths
(ANG and Coast Guard activities) are to be added using logarithmic addition of decibel
levels. This addition is to be carried out after adjustment of the C-weighted levels to 3
"equivalent" A-weighted levels as described by the Department of the Army (1982). The
noise contributions of the ARNG and Coast Guard helicopters, while in the vicinity of the
base, can be shown to be insignificant compared with the contributions of the fixed-wing
jets.

The C-weighted Ldn isopleths used in this assessment were prepared by the
U.S. Army Environmental Hygiene Agency using the BNOISE computer model (Schomer 1

et al., 1981). These C-weighted noise level predictions represent the estimated level of
ordnance firing activities after completion of the Camp Edwards Master Plan in 1990.
The BNOISE simulation model is used by the Army to assess noise impacts from large-
caliber weapons. This computer program requires operational data for all weapons fired
from each range or firing point, including demolition, the number and type of rounds

fired from each weapon, the location of targets for each range or firing point, and the
amount of propellant used to reach each target. The predicted utilization levels
correspond to an approximate 30% annual expenditure rate of the ammunition assigned to I
regional ARNG units. C-weighted day-night noise levels from BNOISE reflect an
acoustic energy average of activities that occur during one year. The data on ARNG
firing for the year 1990 is preliminary and is based on projections that are likely to

change as the Army noise management plan becomes more fully developed. However, as
the details of firing activities and firing locations are likely to change, only those
changes that will not enlarge the ARNG 62-B contour (see Fig. B.1) will be permitted

(Stockhaus, 1986).

The A-weighted isopleths were prepared for this assessment assuming current

conditions for the F-106 aircraft and then assuming that the conversion to F-16 or F-15
aircraft has occurred. These calculations were performed with the NOISEMAP computer
model as described in the main text of this assessment. The NOISEMAP predictions

reflect typical busy-day flying activities of the ANG.

To facilitate the summation of the .ANG A-weighted Ldn contours with the
ARNG C-weighted Ldn contours, the map of the Massachusetts Military Reservation and I
adjacent communities was divided into a grid of 500-m by 500-m squares. The boundary I

I
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3 lines of these squares intersect in a rectilinear pattern of points (nodes) spaced equally
apart (500 m) from each other. Computer programs NOISEMAP and BNOISE were then
rerun to generate separate printouts of the several thousand dB values (one at each node)
for the air-operations A-weighted Ldn (using NOISEMAP) and ordnance C-weighted Ldn
sound fields (asing bilOISE), respectively. Predictions of NOISEMAP and BNOISE were
thereby made on the same grid, allowing easy summation of values without special inter-
polation required. Next, by use of a special computer program developed at Argonne
National Laboratory for that purpose, the C-weighted Ldn values of the BNOISE printout
were converted to equivalent A-weighted values, using the conversion factors listed in
Table B.1, given by the Department of the Army (1982). Then, at each of the several
thousand nodes, the converted ordnance BNOISE dB value was logarithmically summed
with the correspondling air-operations NOISEMAP dB value to obtain a single dB value for
the combined sound fields. Finally, the summed noise levels over the entire grid were
interpolated spatially to obtain isopleths at 5-dB intervals (Figs. B.2, B.4, and B.6).

I TABLE B.1 Conversion of CDNL to Equivalent ADNL by
Equal Annoyancea

Percent of Percent of
Population Population

Highly Highly
i Annoyed CDNL ADNL Annoyed CDNL ADNL

1 45 45 14 61 64
2 46 49 16 62 65
2 47 49 18 63 67
2 48 49 20 64 68
3 39 52 23 65 69
3 50 52 25 66 70
3 51 52 28 67 72
4 52 54 32 3 73
4 53 54 35 o9 74
5 54 56 39 70 76
6 55 57 42 71 77
7 56 58 46 72 78
8 57 59 50 73 79
9 58 60 54 74 80

10 59 61 58 75 81
12 60 63

aCDNL = C-weighted day-night noise level, in dB,

from ARNC impulsive noise activities.

ADNL = A-weighted day-night noise level, in dB,
from ANG and Coast Guard noise activities.

Source: Department of the Army, 1982.

I
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Figure B.1 presents the C-weighted and A-weighted (F-106) noise contours before
summation. Only the C-weighted 62-dB and 70-dB isopleths are plotted. Army
Regulation 200-1, Chapter 7 (Department of the Army, 1982) implements all the federal
policies concerning environmental noise for ARNG activities. This regulation defines
three noise zones, with noise-sensitive land uses considered as follows:

"* Zone I -- acceptable (< 62 dB, C-weighted) I
"* Zone II -- normally unacceptable (62-70 dB, C-weighted)

"* Zone III -- unacceptable (>70 dB, C-weighted).

Figure B.1 shows that there is no overlap between the 65-dB Ldn isopleth for the aircraft
noise and the 62-dB Ldn isopiAth for the ARNG impulsive noise sources. 3

Figure B.2 shows the A-weighted results of summation of the C-weighted and A-
weighted isopleths for the F-106 scenario. The calculations indicate that the ARNG
activities dominate at Camp Edwards and the ANG activities dominate in the Otis ANGB
vicinity. The noise levels from one do not affect the other, except for a small area to

the northwest of the Otis ANGB runway area. In that locale, ANG and ARNG noise
levels (on the A-weighted scale) are about equal. The summation of two equal levels
adds only 3 dB. As a result, no major increase results, even in that area. In those
locations where the 65-dB levels predicted by NOISEMAP for aircraft activities do cover
community areas, the summation with ARNG noise levels does not result in a perceptible
increase in noise levels. It should be stated that there is some uncertainty as to the
precise location of the summed 65-dB contour because the U.S. Army BNOISE predictions
could not be provided for this analysis on a grid smaller than 500 m x 500 m.

Figure B.3 presents the unsummed isopleths for the F-16 case and the ARNG 3
activities, and Fig. B.4 presents the sum using the method of the Army (Department of
the Army, 1982). The critical isopleths do not overlap (see Fig. B.3), and the summed

isopleths using the F-16 predictions are smaller than the summed isopleths developed I
using the F-106. Similarly, Figs. B.5 and B.6 present the unsummed and summed
isopleths, respectively, for F-15 flight operations and ARNG activities. The critical
isopleths do not overlap (see Fig. B.5), and the summed isopleths using the F-15 I
predictions are smaller than the summed isopleths using the F-106. This method of
analysis of combined impacts indicates the following: 3

" No overlap between critical noise isopleths occurs either on or off
the Otis/Camp Edwards site for any of the three scenarios

analyzed--F-106 scenario (present case), F-16 scenario, or F-15 I
scenario.

" The summation of NOISEMAP and BNOISE day-night level isopleths 3
(using the U.S. Army methodology) leads to no significant change in
the original NOISEMAP isopleths at off-site locations (for either

the F-16 or F-15 case). As a result, the combined impacts off-site I
are essentially nil.

I
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The methodology presented above, although representing U.S. Army and DOD
policy, has not been scientifically validated; that is, no scientific studies have been
published that provide comprehensive, conclusive evidence of the equivalence of the
ADNL and CDNL scales for predicting the psychological stress of different kinds of noise
relative to each other. Controversial issues surround the summation of A- and
C-weighted levels and the interpretation of the summed isopleths in terms of community
reaction. It was felt that an optional second approach to the combined impacts issue was
warranted, even though not required by DOD policy. That second approach was to
evaluate the effect of the aircraft conversion on peak noise events. That approach is

I described below.

B.3 METHOD 2: EVALUATION OF RELATIVE CONTRIBUTIONS TO COMMUNITY
NOISE BETWEEN ARMY NATIONAL GUARD AND AIR NATIONAL GUARD
SOURCES FOR PEAK NOISE SCENARIOSI

B.3.1 Introduction

The objective of Method 1 was to evaluate the combined impacts of impulsive
and broadband noise for an average day. Such an evaluation does not address peak noise
events, however. Such peak events can lead to noise complaints. Complaints are
triggered by short-term increases in noise above the average. Moreover, expected
changes in peak impacts or complaint history cannot be analyzed by the modeling of
average conditions. In this section, the effect of the conversion from F-106 to F-16 or
F-15 aircraft is analyzed with respect to the effect on peak impacts. This analysis is
intended to determine the extent to which the conversion from F-106 to F-16 or F-153 aircraft would increase or decrease the impacts of the associated peak noise events.

This is clearly a research issue. No computer program exists to determine the
community reaction (or changes in community reaction due to F-16 or F-15 conversion)
from multiple noise sources of different character, e.g., jet noise, artillery noise, and
helicopter noise. Discussions with Camp Edwards personnel indicated that overlapping
noise activities occur frequently for residents in the surrounding community. A special
methodology was developed to evaluate the impact of such short-term single events.
This methodology, as it relates to Army noise, involves the choice of four scenarios
representing typical complaint situations. These scenarios are listed in Table B.2, and
four community residential locations (receptor locations 1-4) most affected by those four
ARNG operational noise scenarios are shown in Fig. B.7. Each scenario includes not only
impulse noise (e.g., gunfire, howitzers), but also helicopter activity and a jet flying
overhead. Table B.3 lists the flight profiles and Table B.4 the characteristics of the F-
106, F-16, and F-15 jets in these scenarios. The jets were assumed to be in the noisiest
phase of flight -- departure for the F-106 and F-16 and approach for the F-15. The3 helicopters at Camp Edwards may fly anywhere once they art off the base (except they
avoid the southeastern portion of Camp Edwards for noise-abattment purposes). It was
assumed that a helicopter was positioned at 500 m, 1,000 m, or 2,000 m horizontally from
any one of 11 targeted community locations. Table B.5 lists the noise source

I
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TABLE B.2 Description of the Four Critical ARNG Noise Scenarios 3

All four scenarios have the same fixed-wing and helicopter activity present.
A single fighter aircraft (either a F-106, F-16, or F-15) departs the base on
any runway. At a later time, an F-15 fighter lands on Runway 23. At the same
time, an F-15 fighter lands on any runway. At the same time, a single ARNC
UH-i (Bell 212) helicopter or a single Coast Guard HH-3 (Sikorsky 61)
helicopter is traveling at an altitude of 670 ft above ground level, at 80 or
70 knots, respectively. The helicopter is at a horizontal distance of 500 m,
1,000 m, or 2,000 m from the receptor location being analyzed (see Fig. B-7).

Scenario 1. Demolition 3
An uncovered 40-lb C-4 shaped demolition charge is detonated at the bottom of
a 65-ft-deep pit at Engineer Demolition Range E-2. Noise levels of the blast
are of special concern at three Sandwich Locations (in Shawme-Crowell State
Forest, Forestdale, and at residences near Snake Pond), especially in relation
to the use of either F-106, F-16, or F-15 aircraft.

Scenario II. Mortar 1

A single 107-mm mortar is fired at a time at any of four mortar-firing ranges
(MP-l, MP-2, MP-3, or MP-4). The propellant and shell-filling charges are
5.39 oz and 92 oz, respectively. Mortar muzzle-blast and explosive-shell
impact noise at the same three Sandwich locations is also of particular
concern, along with noise from F-106, F-16, or F-15 aircraft operation.

Scenario III. Machine Gun

A single 0.50-caliber machine gun is fired in bursts of 5 or 6 rounds, at 5- 1
to 10-second intervals,a at Firing Range A. Each round contains 0.51 oz. of
powder. The machine gun noise is of particular concern in Bourne, compared
with F-106 or F-16 fighter flight operations. I

Scenario IV. Howitzer

Either a single 105-mm howitzer is firing live (HE deep-cavity, zone 3) 1
shells, or a single 155-mm howitzer is firing nonexplosive shells from either
Range GP-14 or GP-16. Maximum propellant charges used are 29.85 oz and
112.8 oz for the 105-mm and 155-mm shells, respectively. The 105-mm HE shell I
contains 81.28 oz. of explosive. Muzzle-blast noises are of particular

concern in Bourne, as well as explosive-shell impact both there and at all
locations in Sandwich, in relation to F-106, F-16, or F-15 aircraft operation.

aA maximum repetition rate of 550 rounds per minute (8 rounds per second). 3

I
N
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TABLE 8.3 Fighter Aircraft Flight Profiles 3

Distance from Altitude
Runwaya (feet above I

Scenario (nautical miles) ground level) I
Departures

F-106 0 0 3
0.75 0
1.5 370
2.5 870
3.33 1,670 1
4.17 2,370
5.0 3,170
6.67 4,870

F-16 0 0

0.375 0
1.33 300
2.0 600
3.0 1,600
4.0 2,700
5.0 3,850

F-15 0 0 3
0.38 0
1.0 400
2.0 1,500

3.0 2,500
4.0 4,000
6.0 6,5003

Approaches

F-15 50 5,000 I
10 1,550

5.0 1,400
1.0 400
0.75 170
0 50

aFor departures, distance is from start of U
runway; for approaches, distance is from end
of runway.

1
1
I
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TABLE B.4 Fighter Aircraft Power Settings and Airspeeds

3 Distance Power
(nautical Setting Airspeed

Aircraft/Operation miles) (% rpm) (knots)

F-106 Departure

With afterburner 0-<1.5 108 250
Without afterburner 1.5-<2.5 101 310

2.5-<6.67 95 310
>6.67 101 400

F-16 Departurea 0-<0.38 90 240
0.38-<1.33 90 240
1.33-<2.0 90 275
2.0-<3.0 90 350
3.0-<4.0 90 395
>4.0 90 400

F-15 Departurea 0-<0.38 88 140
0.38-<1.0 88 300
>1.0 82 300

F-15 Approach 0-<5.0 74 160
5.0-<10 78 160
>10 74 250

aWithout afterburner.

!
I
I
I
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TABLE B.5 Coordinates of Noise Sources Uets, helicopters, gunfire) 3

Coordinatesa (meters) I

Scenario Source Description x y z 3
I 40 lb C-4 65 feet deep in pit 6,470 7430 45.7

II Mortar muzzle at MP-i 5,800 8400 58.0
II Mortar muzzle at MP-2 6,580 7180 43.7
II Mortar muzzle at MP-3 5,860 8250 55.9
11 Mortar muzzle at MP-4 7,100 6980 49.8 I
III 0.50-caliber machine gun at Range A 5,900 11,300 49.4
IV Howitzer gun muzzle at GP-14 5,220 13,800 48.7
IV Howitzer gun muzzle at GP-16 5,050 13,710 50.2

II,IV Shell Impact Zone 7,800 9,800 61.0
I-IV F-106 afterburner cutoff nearest R1 7,250 4,560 153.6
I-IV F-106 afterburner cutoff nearest R2 9,610 4,700 146.3
I-IV F-106 afterburner cutoff nearest R3 9,610 4,700 146.3 I
I-IV F-106 afterburner cutoff nearest R4 7,250 4,560 153.6
I-IV F-106 afterburner cutoff nearest R5 9,460 2,800 146.3
I-IV F-106 afterburner cutoff nearest R6 9,610 4,700 146.3 3
I-IV F-106 afterburner cutoff nearest R7 9,610 4,700 146.3
I-IV F-106 afterburner cutoff nearest R8 9,400 2,800 146.3
I-IV F-106 afterburner cutoff nearest R9 7,680 2,370 143.3
I-IV F-106 afterburner cutoff nearest RI0 7,250 4,560 153.6
I-IV F-106 afterburner cutoff nearest RII 7,680 2,370 143.6
I-IV F-106 takeoff nearest RI 1,040 9,540 1,254
I-IV F-106 takeoff nearest R2 13,840 9,800 1,063 U
I-IV F-106 takeoff nearest R3 11,680 7,180 529.5
I-IV F-106 takeoff nearest R4 6,730 4,970 217.5
I-IV F-106 takeoff nearest R5 14,490 -1,200 984.5
I-IV F-106 takeoff nearest R6 13,230 9,060 885.9
I-IV F-106 takeoff nearest R7 10,190 5,410 209.2
I-IV F-106 takeoff nearest R8 10,350 2,080 237.9
I-IV F-106 takeoff nearest R9 7,010 1,580 187.6 1
I-IV F-106 takeoff nearest Ri0 2,660 8,200 919.9
I-IV F-106 takeoff nearest RII 5,700 0 492.2
I-IV F-16 takeoff nearest RI 1,040 9,540 1,201
I-IV F-16 takeoff nearest R2 13,840 9,800 1,237
I-IV F-16 takeoff nearest R3 11,680 7,180 616.7
I-IV F-16 takeoff nearest R4 6,730 4,970 212.8
I-IV F-16 takeoff nearest R5 14,490 -1,200 1,175
I-IV F-16 takeoff nearest R6 13,230 9,060 1,069
I-IV F-16 takeoff nearest R7 10,190 5,410 203.2
I-IV F-16 takeoff nearest R8 10,350 2,080 257.8 I
I-IV F-16 takeoff nearest R9 7,010 1,580 231.7
I-IV F-16 takeoff nearest RIO 2,660 8,200 1,113
I-IV F-16 takeoff nearest RII 5,700 0 576.6
I-IV F-15 takeoff nearest R1 1,040 9,540 1,951
I-IV F-15 takeoff nearest R2 13,840 9,800 1,705

I-tV F-i taeoffneaestR2 3,84 9,00 ,70

N
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3 TABLE B.5 (Cont'd)

Coordinatesa (meters)

Scenario Source Description x y z

I-IV F-15 takeoff nearest R3 11,680 7,180 922.5
I-IV F-15 takeoff nearest R4 6,730 4,970 468.7
I-IV F-15 takeoff nearest R5 14,490 -1,200 1,623
I-IV F-15 takeoff nearest R6 13,230 9,060 i,484
I-IV F-15 takeoff nearest R7 10,190 5,410 476.0
I-IV F-15 takeoff nearest R8 10,350 2,080 532.1
I-IV F-15 takeoff nearest R9 7,010 1,580 506.0
I-IV F-15 takeoff nearest RIO 2,660 8,200 1,532
I-IV F-15 takeoff nearest RII 5,700 0 874.4
I-IV F-15 approach nearest RI 1,040 9,540 386.5
I-IV F-15 approach nearest R2 13,840 9,800 394.2
I-IV F-15 approach nearest R3 11,680 7,180 234.5
I-IV F-15 approach nearest R4 6,730 4,970 75.6
I-IV F-15 approach nearest R5 14,490 -1,200 313.5
I-IV F-15 approach nearest R6 13,230 9,060 332.9
I-IV F-15 approach nearest R7 10 ,?0 5,410 68.3
I-TV F-15 approach nearest R8 10,350 2,080 68.6
I-IV F-15 approach nearest R9 7,010 1,580 78.2
I-IV F-15 approach nearest RIO 2,660 8,200 317.2
I-IV F-15 approach nearest RII 5,700 0 211.2
I-IV Helicopter at 500 m offsetb 0 500 204.2
I-IV Helicopter at 1000 m offsetb 0 1,000 204.2
I-IV Helicopter at 2000 m offset 0 2,000 204.2

3aThe origin (x = 0, y = 0) is near the southwestern corner of the Pocasset

Quadrangle (USGS map) at UTM coordinates N4,609,200, E364,650 (proximate
to latitude 41 deg, 37 min, 30s; longitude 70 deg, 37 min, 30 s).
x corresponds to east from origin; y corresponds to north from origin;
and z corresponds to height above mean sea level.

bThe receptor coordinates are the origin for these coordinate values.

I

I
I
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coordinates, and Table B.6 describes the 11 residential receptor locations studied and
lists their coordinates. The origin (x = 0, y = 0) is near the southwestern corner of the
Pocasset Quadrangle (USGS map), located at UTM coordinates N4,609,200, E364,650
(proximate to latitude 41 deg, 37 min, 30 s; longitude 70 deg, 37 min, 30 s). All
elevations (z) are given in meters above mean sea level (MSL).

As stated above, receptor locations 1-4 were selected because of their proximity
to ARNG activities. The remaining seven receptor locations were selected to include
four community locations where ANG jet noise is likely to predominate (receptor
locations 7-9 and 11) and three (receptor locations 5, 6, and 10) where both the ANG and
ARNG noise levels were expected to be about equal. It is believed that the entire set of
11 community locations (1) provides a good cross section of community areas that have a
potential for peak short-term noise impacts from either ANG or ARNG activities, and
(2) represents a balance between locations where ANG and ARNG peak noise
predominates. In summary, four locations (receptor locations 1-4) were initially selected
where it was assumed that Army noise might predominate, four locations (receptor
locations 7-9 and 11) where ANG noise is likely to predominate, and three locations
(receptor locations 5, 6, and 10) where it was expected that both the Army and ANG
noise would likely provide equal loudness during peak noise episodes.

The Army noise scenarios modeled are somewhat anecdotal in nature since
detailed records of Camp Edwards activities relating to peak noise events or complaint
history is lacking. They represent the informal judgment of on-site ARNG personnel at I
Camp Edwards as to the scenarios that tend to lead to noise complaints. These
scenarios, although obtained from past ARNG experience, are likely to occur in the
year 1990 after implementation of the Camp Edwards Master Plan. A study of these I
ARNG operational (noise) scenarios is incomplete without a presentation of their
frequencies of occurrence, as summarized in Table B.7. The data used for the table are
from the same data base used by the Army in the BNOISE computer run for an average
day in 1990. It should be noted that many of the explosion events listed in Table B.7
occur on weekends, while most of the ANG activities occur on weekdays. ANG activities
occur on weekdays plus three weekend days per month. As a result, the potential for U
overlapping noise activities is not as great as would be the case if all activities of the

ARNG and ANG were on weekdays only. ANG activities (on a daily basis) are presented
in Table 4.2. In any case, overlapping (ARNG and ANG) noise events (weekdays and I
weekends) can occur frequently in the vicinity of the Massachusetts Military
Reservation. 3

The ANG noise scenario modeled in this study represents the noisiest operation
of the assigned fighter jets:

"* two-craft departure (with afterburner) for the F-106 from any of

the four runways,

"* two-craft departure for the F-16 from any of the four runways, and

"* two-craft approach for the F-15 to any of the four runways. 3
I

__ I
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TABLE 8.6 Description of Selected Residential Receptor Locations

I Receptor Coordinatesa

(meters)
Receptor

No. x y z Description

1 4,830 14,280 41.3 Bourne--point on property line near resi-
dences on Route 6W nearest gun firing
ranges and Jefferson Road

I 10,330 12,770 50.5 Sandwich--residence in Shawme-Crowell
State Forest, just north of Mid Cape
Highway nearest shell-impact area

3 10,090 8,510 50.5 Sandwich--Forestdale residence nearest to
shell-impact area, in new housing develop-
ment along Greenway Road

4 7,890 6,440 44.4 Sandwich--nearest residence to Demolition
Range E-2 and mortar firing positions, in
new housing development west of Snake Pond

5 17,500 2,570 10.8 Barnstaile/Marstons Mills--inter-section
of Routes 28 and 149

6 13,230 9,060 41.3 Sandwich--residence on Runway 05 center-
* line, near Spectacle Pond

7 10,190 5,410 23.0 Sandwich--residence on Runway 05 center-
line, near Pimlico Pond

8 10,350 2,080 24.5 Mashpee--residential area under construc-
tion on Runway 14 centerline, between
Moody and Washburn Ponds

9 7,260 1,360 23.0 Mashpee--residence near Runway 23 center-
line and Ashumet Pond

10 2,660 8,200 29.1 Bourne--Pocasset residence on Runway 32
centerline, near Upper Pond

11 5,410 220 23.0 Falmouth--Hatchville residence near
Runway 23 centerline

aThe origin (x = 0, y = 0) is near the southwestern corner of the Pocasset

Quadrangle (USGS map) at UTM coordinates N4,609,200, E364,650 (proximate to
latitude 41 deg, 37 min, 30s; longitude 70 deg, 37 min, 30 s). x corresponds
to east from origin; y corresponds to north from origin; and z corresponds
to height above mean sea level.

I.... . . . . - nn m m l m m ln !
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TABLE B.7 Occurrence of Ordnance Firings for Army Scenarios Used in
Otis ANGB Noise Assessmenta

Firings per Year U
Noise

Locationb Source Daytime Nighttime Total

Scenario I (Demolition)

E-2 40 lb C-4 C C C

Other E 40 lb C-4 C c c

Scenario II (Mortar Fire)d

MP-1 107-mm mortar 265 15 280
MP-2 107-mm mortar 265 15 280
MP-3 107-mm mortar 265 15 280

MP-4 107-mm mortar 177 10 187
MP-1 All other mortars 500 24 534 I
MP-2 All other mortars 500 34 534
MP-3 All other mortars 500 34 534
MP-4 All other mortars 334 22 356
All other MP 107-mm mortars 786 40 826
All other MP All other mortars 3,882 262 4,154

Scenario III (Machine-Gun Fire) i
A 0.50-cal. MG 89 22 111
A All other MG 76 0 76 I
All other 0.50-cal. MG 0 0 0
All other All other MC 54 20 74

Scenario IV (Howitzer Fire)e I
GP-14 105-mm How.-HE 50 0 50
GP-14 155-mm How.-LITR 130 0 130
CP-14 All other How N/A N/A N/A
CP-16 105-mm How.-HE 33 0 33
GP-16 155-mm How.-LITR 130 0 130
GP-16 All other How N/A N/A N/A
All other GP 105-mm How.-HE 1,474 0 1,474
All other GP 155-mm How.-LITR 2,336 0 2,336
All other GP All other How. N/A N/A N/A

I
I
I
I
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1 TABLE B.7 (Cont'd)

U Firings per Year
Noise

Locationb Source Daytime Nighttime Total

All Other Firingsf

All All other nonmodeled 1,420 0 0
sources

aScenarios are described in Table B.2.

bFiring range designation.

COver the past six years, there has been an average of twenty 40-lb
shaped charges exploded per year. However, the Army National Guard

is tentatively projecting no demolition charges in 1990. This pro-
jection is currently being evaluated by Camp Edwards Base personnel
to determine the impacts on training. If demolition is placed back
on the 1990 agenda, this demolition would take place over 92 days,
80 of which are weekend days. If demolition is returned to the
firing agenda, other gunfire activities will need to be removed to
ensure that the 62-dBC contour does not expand off the reservation.

dThe mortar fire takes place over a window of 92 days, 80 of which

* are weekend days.

eHowitzer fire takes place only on 33 weekends, i.e., 66 weekend

days. Firing is reduced in the summer, with none carried out in
July and August.

fA total of 1,294 events involve the AVCO (a DOD contractor at the
base) testing program where a wide variety of explosives are used.
This number is based on historical records (from 1985). The AVCO

program is carried out in a period of 260 days per year, all week-
days. In addition, the ARNG would have 126 explosive events over
a period of 92 days per year. This 92-day period encompasses 41
weekends (82 days) plus 10 weekdays (2 weeks of annual training).

I
I
I
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The three-step calculational methodology is described briefly as follows:

Step I-Calculate Source Emissions: For each of the three source types (jet,
helicopter, ordnance), a 1/3-octave-band sound power spectrum was computed. For the
F-106, F-16, and F-15 jets, this source sound power spectrum was computed for each
power setting and speed of the aircraft assumed at each source location in Table B.4.

Step 2-Calculate Sound Pressure Levels at Receptors: Based on the sound power I
spectra data computed in Step 1 and a sound propagation model, unweighted sound
pressure level spectra due to noise from the helicopters, jets, and ordnance were
computed at each of the 11 receptor locations. Standard-day conditions were assumed
for simplicity.

Step 3-Compute Loudness due to Each Source Contribution: For each of the
source categories (and each of the receptor locations), the loudness (in sones) was
calculated using the Stevens Mark VII model (Stevens, 1972). The resulting sone values,
which are proportional to the magnitude as perceived by human hearing, were then
plotted as bar charts. For each receptor location, one bar chart provides predictions of
the maximum perceived magnitude (loudness) due to each of the noise emission sources:
F-106 (afterburner and takeoff), F-16 (takeoff), F-15 (takeoff and approach), demolition, I
107-mm mortar (muzzle and shell impact), machine gun, 105-mm howitzer (muzzle and

shell impact), 155-mm howitzer (muzzle only). In terms of sones, the height of the bars
is directly proportional to the perceived magnitude (loudness) to the human ear. One bar I
twice as high as another bar indicates noise that sounds twice as loud.

The Stevens loudness model has been found to be the superior index of sound
magnitude (as distinguished from annoyance). An indicator of annoyance was not used
here to combine impulsive and broadband sources because there is no agreement in the
literature as to how that can be done effectively. Annoyance involves an integration of
impulses and broadband sounds over an appreciable time interval (1 hour, 1 day, etc.). In
the present analysis, however, the comparison is made of each source contribution at
each receptor on the basis of its subjective/perceived maximum magnitude. It should be 3
recognized that the noise of a jet or helicopter will maximize for a few seconds or more
when heard, whereas the impulsive sound of gunfire occurs over a fraction of a second.
Even in the gunfire scenarios, multiple shots are fired for each of the four scenarios

(except Scenario I, Demolition). Multiple shots will not have any effect on the maximum
noise level presented here, yet will contribute to annoyance, which is not calculated
here. As indicated above, a qualified means of predicting annoyance for combined
helicopter, jet, and gunfire noise remains a research issue.

B.3.2 Detailed Description of Modeling Steps m
Now that a general description has been provided for the steps involved in the

modeling, specific details are given below.

I
I
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Step 1. Calculate Source Emissions

It is necessary to determine a 1/3 octave-band sound power level spectrum for
each source as a starting point for the propagation and loudness calculations. The
procedure is fundamentally different for relatively steady (aircraft) sound sources as
compared with impulsive (explosive) sound sources as described below. Human hearing
requires at least 0.5 second to sense loudness consistently (Kryter, 1984). This and other
practical considerations in the measurement of environmental noise (which fluctuates in
instantaneous amplitude very randomly) has resulted in the adoption of 1 second as the
basic period of time used to integrate noise energy for psychometric purposes (Kryter,
1970, 1984). Therefore, the loudness of impulsive sounds lasting less than 1 second must
be calculated from a 1-second-integrated energy value, i.e., the 1-second sound exposure
level (SEL). Such sounds include single rounds and short bursts of machine-gun fire, as
well as single rounds of large-caliber weapons and explosives at close range. The
maximum loudness of sounds that are essentially constant in level, or are relatively
constant within a 1-second period, even though they rise and fall within a time period ofI many seconds (e.g., aircraft flyovers) is calculated from the maximum sound pressure
level, i.e., the maximum level measured in any 1-second period.

Step IA. Calculate Sound Power Level Spectra for Aircraft. U.S. Air Force and
Federal Aviation Administration (FAA) publications that present mean unweighted 1/3
octave-band sound pressure level spectra as a function of slant distance from the source
are used. From these tables, equivalent sound power level spectra are computed, i.e.,
sound power spectra for an isotropic source in free space that would yield the same sound
pressure level spectra contained in the Air Force or FAA tables using a standard
propagation model. The specific references used for calculation of the aircraft sound3 sources are as follows:

References (all by3 Aircraft Reference Operating Conditions Spealunan et aL.)

F-106; 108% power setting, 350 knots 1978b, p. 253
F-106; 106% power setting, 350 knots 1978b, p. 262

F-16; 90% power setting, 350 knots 1978a, p. 424
F-15; 90% power setting, 300 knots 1978a, p. 3623 F-15; 75% power setting, 170 knots 1978a, p. 380

The sound propagation model used to calculate source sound power is in

accordance with Beranek (1971) and Bolt Beranek and Newman, Inc. (1984, Chapter 5)
using air-to-ground air attenuation factors derived from the Air Force data cited above.
A more detailed commentary on this procedure is given in the Step 2 discussion. No
complex meteorological or terrain information is accounted for; i.e., a homogeneous
atmosphere is assumed at 150 C and 70% relative humidity.

U I
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Step 1B. Calculate Sound Power Level Spectra for Impulsive Sources
(Explosives and Weapons). Spectra for impulsive noise sources are not commonly I
published. From classical references (Kryter and Garinther, 1965; Snow, 1967; Kryter,
1970; Schomer et al., 1976), an idealized spectrum shape is developed by assuming that
above a corner frequency, the spectrum slopes downward at the rate of 6 dB per octave
and that below the corner frequency, the slope is either flat (no underpressure) or
positively sloped. A +3 dB per octave slope (Kryter, 1970) is chosen for the sources
modeled in this study. The value of the corner frequency is calculated from a formula
provided by Schomer et al. (1976). The next step involves the use of Fig. 16 in Schomer
et al. (1981). That reference provides a graph of C-weighted sound exposure levels
(CSEL) (at 250 m from the blast) versus powder weight, for a wide range of weapon
types. For all of our blast scenarios (40-lb C-4 demolition charge; 105-mm howitzer
muzzle blast and shell impact; 155-mm howitzer muzzle blast; and .07-mm mortar blast
and shell impact), the CSEL value at 250 m is read from that Fig. 16. At that point, the
amplitude of the spectrum is adjusted (effectively moved up or down on a decibel versus
1/3 octave-band plot) until its C-weighted value becomes equal to that read from the
Fig. 16 graph.

In the case of the 0.50-caliber machine-gun bursts of less than 1-second duration,
the procedure is essentially the same except the A-weighted sound-exposure-level (SEL)
of a single round is obtained from McBryan (1978). Calculation of the loudness of an
automatic weapon (i.e., one that fires more than one round per second) requires that a
special correction of 10 log (rounds/second) be made to the single-round sound level for
each multiple-round burst (Kryter, 1984). A maximum firing repetition rate of
550 rounds per minute (8 rounds per second) is specified for the 0.50-caliber machine gun
(U.S. Army, 1972); however, in this scenario a burst of only 5 to 6 rounds is typical.

Finally, the 1/3 octave-band sound pressure level spectrum is converted into a
sound power level spectrum, accounting for the atmospheric attenuation that occurs to I
the blast acoustic source over the 250-m distance (see Step 2). This procedure for
estimating a 1/3-octave-band sound power level spectrum is repeated for each of the
blast sources. The following references are used in these calculations:

Impulsive Source Reference i
40-1b C-4 demolition charge Schomer et al., 1976 and 1981
105-mm howitzer muzzle blast Little et al., 1981; Frederick, 1986;

Schomer et al., 1981 i
105-mm HE shell impact Schomer et al., 1981; U.S. Army, 1969
155-mm howitzer muzzle blast Little et al., 1981; Frederick, 1986; and

Schomer et al., 1981 1
107-mm mortar muzzle blast Schomer et al., 1981; U.S. Army, 1969;

Lewis, 1986
107-mm mortar shell impact Schomer et al., 1981; U.S. Army, 1969
0.50-caliber machine gun Luz, 1983; McBryan, 1978;

U.S. Army, 1972

I
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It should be noted that the sound power spectrum of the demolition charge requires
special reduction to account for the noise attenuation due to the location of the charge
in a pit. The attenuation is calculated using a computer code implementing the barrier
method given in Piercy et al., 1979.

Step 1C. Calculate Sound Power Level Spectra for Helicopters. The reference
sound pressure level spectrum for the UH-1 helicopter is found in Raspet et al. (1984,
Fig. 8, p. 20), which provides measured maximum A-weighted 1/3 octave-band levels for
level flight at a slant distance of 110 m. These data are first unweighted, and then an
equivalent sound power spectrum (for an isotropic source in free space) is calculated;
i.e., an isotropic source in free space is determined that would yield the same sound
pressure level spectrum as given in the Raspet reference for a distance of 110 m from
the source, using a propagation model as described in detail in Step 2. Using this sound
power level spectrum, sound pressure level spectra are calculated for slant distances of
125, 250, 500 and 1000 m; these are A-weighted and logarithmically summed to obtain
overall A-weighted levels. These levels, in turn, are checked against values given in
Figure 17, p. 33, of Raspet et al. (1984) for LEQ Measure and LEQ Calculated to verify
accuracy of the calculation model. The sound power level spectrum and propagation
model thus verified is then used to calculate sound pressure level spectra at slant
distances of 540, 1,021, and 2,010 m (corresponding to projected horizontal receptor
displacements of 500, 1,000 and 2,000 m from the source, respectively) as described in
detail in Step 2.

The sound power level spectrum for the HH-3 helicopter is calculated in a similar
manner, except that the reference measured maximum sound pressure level spectra are
found in True et al. (1977, pp. 509-510) for level flight at a slant distance of 500 ft.
These data are for two separate flybys; therefore, the greater of the two maximum
levels measured in each 1/3 octave-band is used.

Step 2. Calculate Sound Pressure Levels at Receptor Locations

Based on the source and receptor locations presented in Tables B.5 and 6.6,
straight line propagation path lengths (slant distances) are computed. The sound pressure
level spectrum at a specific location in the outdoor environment due to a specific sound
power spectrum emitted by a source at some distance away is affected by atmospheric
temperature, humidity, wind speed, wind direction, and turbulence. All of these
variables are functions of height above the ground. Ground conditions can be important
as well; e.g., vegetation, hills, structures, etc. Regarding topography, however, the
terrain in the vicinity of the Massachusetts Military Reservation is relatively flat.
Considering that the treatment of the effects of extreme meteorology on noise
propagation requires models that are currently at the research level and use data that
are not available at the site, standard-day conditions are assumed for the purposes of this
comparison of F-106, F-16, and F-15 impacts. In any case, whatever systematic
differences (between F-106 and F-16 or F-15 results) might exist under standard-day
conditions, they would remain true under extreme meteorological conditions.
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The general engineering expression for sound pressure level Lp (in dB referenced
to 20 pPa), at a distance r (in meters) and angle a from an isotopic sound source emitting
sound power at a level Lw (in dB re Lerenced to 1 pW) in free space is (Beranek, 197 1):*

Lp = LW + Q0 - 20 log r - Ae - 10 log 4, (B.) 1

Ae is defined as excess attenuation due to air absorption, meteorological effects and
barrier effects (walls, topography, etc.) in decibels. For a source in free space (aircraft
flying), Q. = 0. For a source on or close to the ground, the approximation Q 8 = 3 is made
as a conservative assumption of a perfectly reflecting ground plane (which is essentially
true for low-frequency sound). Ae, a function of frequency, is calculated from Air Force
data previously referenced (Speakman et al., 1978b) for air-to-ground propagation (flying
aircraft sources). For ARNG weapons and demolition noise sources on the ground, Ae is
calculated from the data given in Table 4.2 of Bolt Beranek and Newman, Inc. (1984)
(Ae = DT - 20 log r + 8, where DT is the distance-term value as given in the referenced
table). The practical value of using these references for the calculation of A e values as
a function of frequency is that they represent empirical experience and include the U
effects of typical microturbulence in the atmosphere and ordinary outdoor groundcover
under level-terrain conditions. 3

Step 3. Compute Loudness due to Each Source Contribution 3
The fundamental problem of comparing the relative subjective magnitude (i.e., as

perceived by human hearing) of both steady sounds (aircraft) and impulsive sounds
(weapons) is addressed in this study by the use of the loudness scale of measure in sone 1
units. The nationally standardized method for calculating the loudness of noise in sone
units is currently documented in detail by the American National Standards Institute

(1980) and is based on the Mark VI method of S.S. Stevens, first published in 1961. After I
extensive additional research, Stevens published an improved Mark VII method (Stevens,
1972). Although the Mark V1I procedure has not yet replaced Mark VI as the national

standard, it is used in this study as a superior alternative (Scharf et al., 1977, 1979). The I
most recent international compa.ative studies of all descriptors in common use (including
A-weighted 'decibel scales) have demonstrated the superiority of the Stevens Mark V1I
loudness model for characterizing subjective magnitude (as distinguished from annoyance I
or community complaints) of both steady and impulsive sounds (Van Wyck, 1981; Schultz,
1982a; Kryter, 1984). 5

A special advantage in using the loudness scale in sones for this study is the
linear subjective nature of the scale; i.e., the perceived magnitude is directly

proportional to the sone value. Thus, a sound of 100 sones sounds twice as loud as a I

*If the sound source has directionality, an additional correction term, the source I
directivity index (D.I.) for the angle e must be added to the right side of the equation.
Also, a correction term for deviation of the acoustic impedance of air from 40 inks
rayls (its value at 20"C and 1000 millibars atmospheric pressure) is not included in the
right side of the equation because it is assumed to be negligible. I

I
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sound of 50 sones. However, the rule for summation is not as simple: eight identical
sources are only twice as loud, i.e., the sone value is doubled for every 9-dB change in
level, provided the frequency content does not change. (By comparison, a second
identical source adds 3 dB to the noise level of one of the sources, and 10 identical
sources add 10 dB to the noise level). The above property of the sone scale provides a
means of displaying noise magnitudes of various sources as vertical bars, the heights of
which are proportional to their subjective strengths. As a result, the final computations
made in this step convert the sound pressure level spectra predicted at each receptor
location to sone values, which are plotted in Figs. B.8 through B.18.

One sound is said to mask another when the masked sound cannot be distinguished
(is inaudible) in the presence of the louder sound. Except when sound levels are as low as
the threshold of hearing, masking is a complex function of the relative frequency content
of the two sounds. For example, a sound having only high-frequency content cannot mask
a sound having only low-frequency content. However, a high-amplitude, low-frequency
sound can mask a high-frequency sound. A special analysis of audibility (detectability)
must be made with 1/3-octave-band sound pressure level spectra to determine whether
masking occurs in a specific situation (Fidell and Horonjeff, 1982). If two sounds are
identical, or at least have similar spectrum shapes, one will mask the other when the
ratio of their loudnesses in greater than about 1.6:1, which corresponds to about 6 dB.
However, when the frequency spectra are not similar, the required ratio for masking can
be much greater. For example, the very low-frequency character of demolition noise
compared with the more-uniform wide bandwidth (greater high-frequency content) of
aircraft jet noise results in a ratio of about 22-1 or more (approximately 40 dB or more,
A-weighted) to cause total masking at the moment of firing.

B.3.3 Discussion of Results

The subjective magnitudes (loudness in sones) at the 11 receptor locations for the
various noise sources from the four ARNG/ANG/Coast Guard scenarios are illustrated
with vertical bars in Figs. B-8 through B-18. In those figures, maximum loudness values
are presented for each of the noise sources, since the sound levels are time dependent.

Scenario [ (Demolition)

At all locations except in Sandwich near Snake Pond (receptor location 4), the
loudness of demolition ranges from 2-50% of the lesser of the maximum loudness values
of any F-106 or F-16 worst-case runway departure operations analyzed. Similarly,
demolition loudness ranges from 16-130% of the lowest maximum loudness values of
those F-15 approach and departure worst-ease runway operations analyzed at each
location.

In the case of Sandwich near Snake Pond (receptor location 4), the loudness of
demolition ranges from 40-90% of the lowest maximum loudness values of F-106 or F-16
Runway 05 departures. However, in the case of F-15 approach and departure vs. F-106
departure comparisons at this location, the demolition loudness ranges from 150-240% of
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the F-15 maximum loudness; i.e., at the moment it occurs, demolition partially masks
F-1s worst-case runway approach and departure, and is approximately 40% of the
maximum loudness of F-106 Runway 05 departures.

Scenario I1 (Mortar Fire)

At all locations, except in Bourne at residences along Route 6W nearest the gun-
firing ranges (receptor location 1) and in Sandwich at Shawme-Crowell State Forest
nearest the shell-impact area (receptor location 2), the loudness of mortar fire (both
muzzle blast and shell explosion) is less than either F-106 or F-16 maximum departure
noise (whichever is lower at each location). In fact, it is totally masked by these aircraft
departures on worst-case runways at locations in Sandwich near Pimlico Pond (receptor
location 7) and at all three selected locations in Mashpee and Falmouth (receptor
locations 8, 9, and 11). At receptor locations 1 and 2 (Bourne on Route 6W and Sandwich
in Shawme-Crowell State Forest) the loudness of mortar fire (either muzzle blast or shell
explosion) is less than the maximum loudness of F-106 departures but greater than the
maximum loudness of F-16 departures (on worst-case runways).

The situation regarding F-106 vs. F-15 operations, compared with mortar fire, is
essentially the same, except that in Sandwich at residences near Greenway Road
(receptor location 3), the loudness of mortar shell explosions exceeds the maximum
loudness of both approach and departure of F-15 aircraft on worst-case runways (as it
also does at both receptor locations 1 and 2). At all other locations (4 through 11) it
ranges from 4-150% of the maximum loudness of F-106 or F-15 departures or F-15
approaches on worst-case runways, whichever is lowest at each location. In Falmouth at
Hatchville residences (receptor location 11) it is totally masked by F-106 and F-15
departures on Runway 23, as well as by F-15 approaches on Runway 05.

Scenario Im (Machine-Gun Fire)

At all locations except in Bourne at residences along Route 6W nearest the gun-
firing ranges (receptor location 1), the loudness of machinie-gun-fire bursts is less than
the maximum loudness of either F-106 or F-16 departures on worst-case runways,
whichever is lower at each location. It ranges from 0.2-50% of the lesser maximum
loudness of either of these aircraft operations on worst-case runways at each location. It
is totally masked by F-106 or F-16 worst-case runway departures at all selected locations
in Barnstable, Mashpee, and Falmouth, as well as in Sandwich near Spectacle and Pimlico
Ponds (receptor locations 5-9 and 11) by F-106 or F-16 departures on Runway 05.

With regard to F-106 vs. F-15 operations, compared with machine-gun fire, the
situation is essentially the same, except that in Sandwich at Shawrne-Crowell State
Forest nearest the shell-impact area (receptor location 2), the loudness of machine-gun-
fire bursts is greater than the maximum F-15 approach noise on Runway 23, as it also is
in Bourne at residences along Route 6W nearest the gun-firing ranges (receptor
location 1) when F-15 approach is via Runway 14. At all other locations (receptor
locations 3-11) the loudness of machine-gun fire ranges from 1-40% of the maximum
loudness of F-106 or F-15 departures or F-15 approaches on worst-case runways,
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whichever is lowest at each location. It is totally masked by F-106 or F-15 worst-case
runway departures or F-15 approaches at all selected locations in Barnstable, Mashpee,
and Falmouth, as well as in Sandwich near Spectacle and Pimlico Ponds (receptor
locations 5-9 and 11) by F-106 or F-15 departures on Runway 05 or by F-15 approaches on
Runway 23.

Scenario IV (Howitzer Gun Fire) 1
At all locations except the northernmost two in Bourne and Sandwich (receptor

locations I and 2), this scenario yields results similar to Scenario II (Mortar Fire) because I
the 105-mm HE howitzer shell and 107-mm mortar shell are very close in charge weight
(81 oz and 92 oz respectively), explode at the same location (impact area), and are
predominant in loudness over muzzle blast noise for both mortars and howitzers at all I
receptor locations except 1 and 4. Specifically, at receptor locations 3-11, the loudness
of howitzer firing (including 105-mm and 155-mm muzzle blasts and 105-mm HE shell
explosions) is less than either F-106 or F-16 worst-case runway maximum departure noise I
(whichever is lower); it ranges from 1-70% of the maximum worst-case runway loudness
of those aircraft operations at those locations. The howitzer firing noise is totally
masked by these aircraft operations at all three selected locations in Mashpee and 1
Falmouth (receptor locations 8, 9, and 11), i.e., departures via Runways 14 and 23, as
well as in Sandwich near Pimlico Pond (receptor location 7) by departures via
Runway 05. At Bourne near the gun-firing ranges (receptor location 1), the loudness of I
howitzer firing ranges from 2-10 times the F-106 or F-16 maximum loudness produced by
departures via Runway 32. In Sandwich at Shawme-Crowell State Forest nearest the
shell impact area (receptor location 2), the loudness of 105-mm HE shell explosion ranges 1
from 60% of F-106 departure maximum loudness (via Runway 05) to 120% of F-16
maximum departure loudness (via Runway 05).

For F-106 vs. F-15 operations, compared with howitzer fire, the situation is
similar to that of the F-106 vs. F-16 for receptor locations 1, 2, and 5-11, in terms of the
qualitative relative magnitude of ordnance loudness relative to worst-case aircraft flight 1
operations. The loudness of howitzer 155-mm HE shell impact explosions ranges from
4-20% of the maximum loudness of F-15 worst-case runway approaches and departures
(whichever is least at each location). Total masking of the 105-mm HE shell bursts 1
occurs in Falmouth at Hatchville (receptor location 11) for F-15 approaches via
Runway 05 and departure via Runway 23. At Bourne near the gun-firing ranges (receptor
location 1), the loudness of howitzer firing ranges from 2-24 times the F-106 or F-15 1
maximum loudness produced by departures via Runway 32 or F-15 approaches via
Runway 14. In the three selected Sandwich locations nearest Camp Edwards (receptor
locations 2-4), the loudness of the 105-mm HE shell explosions ranges from 20-290% of 5
F-106 or F-15 departure maximum loudness (via Runway 05) pr F-15 approach maximum
loudness (via Runway 23).

I
I
I
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B.3.4 General Summary of Analyses

General summaries of the results of these analyses are as follows:

"* Single-event, worst-case ordnance noise only predominates at one of
the selected locations: in Bourne near the gun-firing ranges
(receptor location 1).

" Single-event, worst-case ordnance and fixed-wing aircraft noise is
comparable at three of the selected locations, all in Sandwich:
Shawme-Crowell State Forest northeast of Camp Edwards (receptor
location 2), Forestdale near Greenway Road (receptor location 3),
and west of Snake Pond (receptor location 4).

" Single-event, worst-case aircraft noise predominates at the
remaining seven selected locations in Sandwich, Mashpee, Falmouth,
and Bourne, which are all on or near runway centerlines (receptor
locations 5-11).

" The maximum loudness of single-event, worst-case-location F-106
vs. F-16 departures at Otis ANGB is typified by a 50% reduction in
loudness for the F-16 at takeoff power relative to the F-106 using
afterburner, and a 15% increase in loudness for the F-16 at takeoff
power relative to the F-106 at takeoff power.

" The maximum loudness of single-event, worst-case F-106 vs. F-15
departures at Otis ANGB is typified by a 75% reduction in loudness
for the F-15 at takeoff power relative to the F-106 using
afterburner, and a 50% reduction in loudness for the F-15 at takeoff
power relative to the F-106 at takeoff power.

" The maximum loudness of a single-event F-15 approach relative to
an F-15 departure at Otis ANGB is typified by a range from 1/3
lower loudness at locations far offset from the approach centerline,
to as much as 2 1/2 times greater loudness at locations on the
approach centerline within 4,000 ft of the runway (approach end).

"* The loudness of UH-1 and HH-3 helicopters in level flight is
comparable.

" UH-1 and HH-3 helicopter noise is unlikely to be predominant,
relative to fixed-wing aircraft noise, at any of the selected single-
event analysis receptor locations near Camp Edwards and in
Barnstable (receptor locations 1-5).

" Worst-case UH-1 and HH-3 helicopter noise is insignificant relative
to worst-case fixed-wing aircraft noise at all selected single-event
analysis locations on runway centerlines or in Mashpee and
Falmouth (receptor locations 6-11).
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Another way of interpreting the data illustrated in Figs. B.8 through B.18 is to 3
compare the changes in relative loudness magnitudes of existing F-106 (plus ordnance)
activity with the sums of alternative F-16 (plus ordnance) or F-15 (plus ordnance)
activity loudness magnitudes. A 40% reduction in loudness corresponds to a 6-dB or more 3
reduction of A-weighted level, which, in turn, is definitely r, Jticeable to a majority of
community residents (Schultz, 1982b). Accordingly, if the criterion is adopted that a
decrease of loudness (sone) value by 40% or more constitutes a significant reduction, a n
table can be constructed listing, for each receptor location, the significance of each
conversion alternative in terms of single-event maximum noise impacts, as is
summarized in Table B.8. 3

Clearly, the relative effects of the various noise sources at any receptor location
are dependent upon the relative distances from those sources. For locations close to the

jet operations, the jet noise predominates. For locations close to ARNG gun fire (muzzle
or shell explosion noise), the impulsive noise predominates over the distant jets at the
moment the demolition or gunfire activities occur. It should be kept in mind, however,
that these comparisons of loudness were made assuming that the maximum noise of each
source occurred at the same time for each receptor. In reality, for helicopter and jet
noise, there is an increase, then a decrease in loudness (centered about the maximum),
corresponding to passage of the aircraft.

TABLE B.8 Prediction of Change in Maximum Noise Impacts (in terms of I
loudness) due to Aircraft Conversion 1

Scenarioa

Demolition Mortar Machine Gun Howitzer

F-106 F-106 F-106 F-106 F-106 F-106 F-106 F-106
Receptor to to to to to to to to
Location F-16 F-15 F-16 F-16 F-16 F-15 F-16 F-15

I
2 SR SR SR SR SR SR IR IR
2 SR SR IR SR SR SR IR SR

4 SR SR SR SR SR SR SR SR
II

4 SR SR SR SR SR SR SR SR I

5 IR SR IR SR IR SR IR SR
6 IR IR IR IR IR IR IR IR
7 IR SR IR SR IR SR IR SR
8 IR SR IR SR IR SR IR SR
9 IR SR IR SR IR SR IR SR

10 IR IR IR IR IR IR IR IR I
11 IR IR IR IR IR IR IR IR

aSR = significant reduction (40% or more reduction in loudness [sonel 1
value) (noticeable to human ear); IR = insignificant reduction (may
not be noticed by human ear). 3

I
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